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Bell Laboratories chemist Field H. Winslow, Ph.D., Cornel! University, with a scale model of a small section of 
a polyethylene molecule. Branch formation indicated by pencil is vulnerable to oxidation. Dr. Winslow and his 
associates worked out a simple way to protect long polyethylene molecules needed for durable cable sheathing. 


THE DILEMMA OF GIANT MOLECULES . 
Solution: 2 plus 2 equals 5 


Polyethylene is used to protect thou- 
sands of miles of telephone cables. It 
is tough, light and long lasting. Its 
strength lies in its giant molecules— 
a thousand times bigger for exam- 
ple, than those of its brittle chemical 
cousin, paraffin wax. 


But polyethylene has a powerful 
enemy: oxidation, energized by light 
and heat, shatters its huge molecules to 
pieces. This enemy had to be con- 
quered if polyethylene was to meet 
the rigorous demands of cable sheath- 
ing. Paradoxically, it was done by mak- 
ing the whole better than the sum of 
its parts—just as though 2 plus 2 could 
be made to add up to 5. 


To check the ravages of light, Bell 
Laboratories chemists devised the sim- 
ple yet highly effective remedy of add- 
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ing a tiny dose of carbon black. Then 
antioxidants, such as those commonly 
used to protect rubber, were added to 
check attack by heat. But here the 
chemists encountered a dilemma: al- 
though the carbon black protected 
against the effects of light, it critically 
weakened the effectiveness of the anti- 
oxidants. 


To solve this dilemma, Bell Labs 
chemists developed entirely new types 
of antioxidants—compounds not weak- 
ened by carbon black but which, in- 
triguingly, are very much more effec- 
tive when carbon black is present. The 
new antioxidants, plus carbon black, in 
partnership, provide long-lasting cable 
sheath—another example of how re- 
search at Bell Telephone Laboratories 
works to improve telephone service. 
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NOTE ON POSSIBLE EFFECT OF ELECTRIC FIELD 
ON THE GROWTH OF PLANTS 


BY 
HARLAN T. STETSON! 


In an article entitled ‘‘Cosmic Terrestrial Research,” published in 
the Scientific Monthly for March 1944 (Vol. 58, pp. 207-217), four para- 
graphs were devoted to some preliminary experiments on the growth of 
plants as modified by an external electric field. Illustrations were given 
exhibiting what appeared to be an accelerated growth in the case of 
plants subjected to a negative electric field. So many inquiries have 
been received seeking further information that it appears desirable at 
this late date to publish more details of the experiment to supplement 
the brief account given in the article in the Scientific Monthly. 

The whole problem involving this excursion into horticulture was 
instigated by the never answered question as to why vegetation grows 
perpendicular to the surface of the geoid of the earth. The fact that 
the direction of growth does not follow a perpendicular to the earth’s 
surface is well exhibited in the growth of trees on a mountain side. The 
direction of growth in general is that of opposition to the direction of 
gravity. Careless thinking may at first bring one to the conclusion 
that the reason for such behavior is the phototropic effect of the sun and 
sky upon growing things. On second thought, it becomes obvious that 
a phototropic effect will cause plant life to grow towards the point of 
maximum illumination, which in middle latitudes is far from the 
zenith. If the phototropic effect was the principal factor, trees and 
plants would be deflected from the perpendicular to follow the diurnal 
path of the sun and maximum sky illumination. Such is not the case. 
One further illustration that growth takes place against the direction of 


1Fort Lauderdale, Fla.; formerly, Massachusetts Institute of Technology, Director, 
Cosmic Terrestrial Research Laboratory, Needham, Mass. 


(Note—The Franklin Institute is not responsible for the statements and opinions advanced by contributors in 
the JouRNAL.) 
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gravity, independent of any phototropic effect, is the sprouting of 
bulbs that have been buried in the ground for many months. Every 
garden lover who resurrects bulbs in early spring is well aware that 
sprouts, even if initially directed downward, very quickly change their 
direction of growth to a direction opposite to that of gravity while still 
buried and, therefore, are not affected by any phototropic factor. 

Anyone with even a casual acquaintance with the physics of the 
earth knows of the existence of an electric field surrounding the earth. 
The potential of this field varies with the distance upwards from the 
surface of the earth, attaining in ordinary fair weather a potential of 
100-150 volts per vertical meter. Electrical potential between the 
ground and a given point in the atmosphere not only increases with 
height but also varies with the time of day, the season of the year, and 
possibly also with respect to the sunspot cycle. Electricity is almost 
constantly flowing from the air to the ground with a current strength 
equivalent to 1000 amperes for the entire surface of the globe. Whether 
or not the cause of plants growing upward away from the center of the 
earth is to be attributed to or affected by this electric field no one knows. 
This was the reason for the subject matter of this article, and such re- 
sults as were obtained are given for what they are worth. 

On the second floor of the Cosmic Terrestrial Research Laboratory 
at Needham, Massachusetts, a drafting room 17 ft. by 19 ft. 6 in., with 
a southern exposure, was available for the experiments about to be 
described. 

In planning the initial experiment, careful consideration was given 
to the fact that both the experimental plant and the control plant should 
be growing under identical conditions, except that the experimental 
plant should be subject to an electric field throughout the life of the 
experiment while in the case of the control plant no electric field was to 
be imposed. 

It was essential that the illumination of both specimens should be as 
nearly the same as practicable. A large plate glass window near which 
the specimens were to be grown seemed to provide the answer as to 
equivalent illumination to both the control and the experimental speci- 
mens. To insure that the food and water supply should be the same at 
all times, it was decided to grow the plants hydroponically. Both 
specimens were fed automatically from an inverted flask arrangement. 
A nutrient solution dispensed by the flasks is described in a paper en- 
titled ‘“‘The Water-Culture Method for Growing Plants Without Soil,” 
by D. R. Hoagland and D. I. Arnon of the California Agricultural 
Experiment Station. The paper is published in the annual report of 
the Smithsonian Institution for 1938, pp. 461-487. The solution used 
in the present experiments was that of Solution 2, described on pp. 485- 
487. Distilled water and pure chemicals were deemed important. 

There is a variety of hydroponic solutions that would probably 
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prove as effective as that here used. One may now buy a combination 
of chemicals for water-culture that would probably prove equally satis- 
factory when the proper amount of water is added. The procedure of 
growing the specimen plants hydroponically eliminates differences in 
soil in the planting box and irregularity in hand watering. Many papers 
have been written with respect to soil-less growth of plants and proce- 
dures outlined in detail. Those interested should refer to the literature 
in the field. 

For receptacles for the plants under study, small shallow cans with a 
lining of melted paraffin were provided. The purpose of applying the 
paraffin was to avoid any chemical reaction between the nutrient solu- 
tion and the container. Connections between these prepared recep- - 
tacles and the reservoirs fed from the inverted flasks containing the 
nutrient solution were accomplished through short lengths of glass 
tubing with rubber gaskets at each end. Each ‘‘can” receptacle was 
two-thirds filled with reasonably sterile gravel to provide anchorage 
for growing roots. A thin layer of absorbent cotton topped the gravel 
in each receptacle and provided a suitable moist bed for the seedlings 
to sprout. 

In order to create an electric field, a square of copper screening ap- 
proximately 15 cm. by 15 cm. was supported 20 cm. above the rim of the 
can receptacle by a wooden dowel rod. The two receptacles for con- 
venience were labeled A and B. ‘‘A’”’ provided for the experimental 
plant while ‘‘B,’”’ a short distance from ‘‘A,’’ provided for the control 
specimen. It is to be noted that a copper screen was erected over the 
control as well as over the experimental specimen, but no voltage was 
applied on the screen of the control. In the case of the experimental 
specimen a conventional ‘‘B” battery producing 45 volts maintained an 
electrical potential between screen “‘A’’ and the can “‘A.”” Connecting 
wires were soldered to the copper screen and connection made to the 
negative pole of the ‘‘B’’ battery. The positive pole was similarly con- 
nected to the can receptacle containing the nutrient solution. Thus is 
maintained an electric field between the roots of the plant ‘“‘A’’ and the 
copper screen 20 cm. above the receptacle. There was no electrical 
connection in the case of the control specimen. 

The first actual planting occurred on April 8, 1941, at 3 p.m., when 
marigold tomato seeds were planted in each receptacle “A” and ‘‘B.” 
The seeds were dropped on the surface of the wet absorbent cotton and 
after planting, the receptacles were overlaid with a square of blue blot- 
ting paper to provide shadow from the bright sky until sprouting oc- 
curred. On April 17, five of the seven seeds planted in ‘‘A’”’ had 
sprouted. Six seeds in the control receptacle ‘‘B” were also found 
sprouted. The voltage on ‘‘A”’ was now increased from a —45 volts to 
—90 volts on the screen with respect to the can receptacle. 

Daily inspections of the experiment were made, and by April 27, 
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1941 it was noted that the experimental seelings in can “‘A”’ were out- 
stripping the growth in the control can “‘B.’’ In order to obtain some 
rough quantitative estimate of growth, a mirror reading device was 
installed for estimating height of growth above the base of the recep- 
tacles. On the April 27 observations, the following readings were made: 
In receptacle “‘A’’ subject to the electric field, the two tallest shoots 
read 9.3 cm. above shelf and 8.6 cm. above shelf. In the control recep- 
tacle ‘‘B,”’ the two highest shoots read 7.0 cm. and 6.8 cm. 

On May 29 an entry in the original notebook reads, “‘experimental 
plant has grown luxuriously; control poorly developed.’’ The experi- 
mental plant was removed and placed outside the laboratory building. 
The control specimen was scrapped. 
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Fic. 1. Tomato, 33 days from seed. 


Whatever effect, if any, the electrical field had in promoting the 
observed growth, the observer was concerned with the possibility that 
the two plants, in spite of precautions, had been affected by unequal 
illumination. It seemed possible that the more western container re- 
ceived slightly stronger illumination from the sun and sky than the 
eastern receptacle. Accordingly, on May 29, 1941 a second planting 
was made in every way the same as the procedure previously outlined 
except that the locations of ‘“‘A’”’ and “‘B” were interchanged. On June 
10, twelve days after planting, it was found that again the plant show- 
ing the greater growth was the one subject to the electric field imposed. 
Thus any effect unequal illumination may have had, was more than 
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offset by some other factor, presumably the electric field. Both plants 
showed a strong phototropic effect. 

On July 2, thirty-three days after planting, a photograph was taken 
(Fig. 1) showing the greater growth of the experimental specimen, sub- 
ject to the electric field, as compared with the control specimen without 
an electric field. As these plantings had outgrown the apparatus, the 
specimens were removed from the laboratory. 

On September 8, 1941, another planting was made. This time 
mustard seeds were used in place of tomato seeds on account of shorter 
period of growth to maturity. Before planting, the apparatus was 
thoroughly cleaned and reconditioned. The receptacles were filled to 


Fic. 2. Mustard plants, 38 days from seed. 


the usual level with washed and baked sand. This time the east re- 
ceptacle was charged with 90 negative volts. The west receptacle 
acting as a control was without a potential gradient. The same nutri- 
ent solution was used in maintaining the same level of fluid in the 
receptacles. Squares of blotting paper were again used as covers for 
the receptacles during the early germination. 

On September 11, the seeds had sprouted and the blotting paper 
covers were removed. 

On October 16, thirty-eight days from seed, the growth of the experi- 
mental specimen had far exceeded that of the control. To exhibit this 
difference in growth, a photograph was taken, see Fig. 2. The growth 
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was allowed to continue until October 20, when the plants had outgrown 
the containers. 

In order to remove any further doubt as to the effect of nonuniform 
illumination, a mechanical device was constructed with four radial arms, 
each of which was capable of supporting a receptacle fed with the nutri- 
ent solution from inverted flasks (Fig. 3). The whole affair was sym- 


Fic. 3. Rotogrower device. 


metrical with respect to a verticle axis about which the four arms were 
continuously rotated by a telechron motor. It was believed that with 
continual rotation any unequal illumination would be shared equally by 
all four specimens each revolution. The four receptacles on the four 
arms of this special ‘‘revolving grower’’ were prepared as previously. 
Tomato seeds were planted in each of the four receptacles. The volt- 
ages applied to the screen above the receptacles were as follows: num- 
ber one, —40 volts; number two, —75 volts; number three, — 190 volts; 
number four, control, no voltage. As before, all the screens were sup- 
ported 20 cm. above the gravel level in the receptacles. 

The plantings were made on October 24, with each receptacle con- 
taining seven seeds. On November 22, photographs were taken of 
each individual receptacle showing the state of growth thirty days after 
planting (Figs. 4, 5, 6, 7). Inspection of the photographs shows that 
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O 
30 Days growth 
Voits 


Fic. 4. Tomato, 30-days growth, —40 volts. 


maximum growth occurred where the electric field’s gradient was —40 
volts between the screen and the can. The next most favored growth 
corresponds to —75 volts gradient. Receptacle number three, with the 


TOMATO 


30 Days growth 


Fic. 5. Tomato, 30-days growth, —75 volts. 
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Fic. 6. Tomato, 30-days growth, —190 volts. 


maximum gradient of —190 volts, showed greatly retarded growth; in 
fact, the seedlings appeared little more than sprouted. The result of 
this experiment, providing the same integrated illumination for each 


TOMATO 
30 Days grow 


Fic. 7. Tomato, 30-days growth, 0 volts (control). 
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plant, appears to have eliminated any question of unequal phototropic 
effects, had they been present. 

It is to be noted that the experiments reported thus far involve 
arbitrary voltages chosen by convenience. In order to determine the 
optimum voltage for growth, if such exists for any given planting, it was 
decided to construct a special planting box to which a voltage could be 
applied that would impose a variable field gradient throughout the dura- 
tion of the experiment. Accordingly, on Dec. 8, 1941 a box was con- 
structed approximately 1 m. long and 10 cm. wide, above which a strip 
of copper screening was erected forming the hypotenuse of a right angle 
triangle, the base of which was formed by the wooden planting box. 
The wood was saturated with paraffin in order that the container should 
be water-repellent. Near the bottom of the box, a brass rod extended 
the entire length of the box, projecting at one end sufficiently to allow 
soldering a connecting wire leading to the positive pole of the battery. 
The negative pole of the battery provided a potential of —190 volts to 
the screen. The slanting copper screen was 5 cm. above the level of the 
planting bed of the box at one end and 50 cm. above seed level at the 
other end of the box. The box was filled with the usual washed gravel 
on which mustard seeds were planted at intervals of 5 cm. throughout 
the length of the box. The plants were fed hydroponically with the 
same nutrient solution as was used before. The strength of the field at 
the low end of the screen was approximately 38 volts per vertical centi- 
meter and 3.8 volts per vertical centimeter at the upper end. It was 
early noted that the mustard plants after sprouting showed greater 
growth near the middle of the box. Growth was allowed to continue 
and photographs were made to register the curve of growth against the 
variable field (see Figs. 8, 9). It will be observed in the photographs 
that the plants at the end of the box subject to a low electric field ex- 
hibited near normal growth, whereas at the other end of the box subject 
to a very strong field the seedlings had developed little above the sprout- 
ing stage. The optimum growth occurred where the gradient was ap- 
proximately 4 volts per centimeter. It is interesting to note that in the 
early experiments where the voltages were chosen at random, the field 
was approximately 80 volts for the 20 cm. between the root level and the 
electrically charged screen overhead. This is the equivalent of 4 volts 
per centimeter which checks very nicely with the optimum voltage 
derived from the experimental growth under the slanting screen. 

The results from the laboratory plantings reported thus far would 
appear to indicate that similar experiments conducted in the open would 
produce comparable results. 

In the summer of 1942, through the cooperative interest of an ac- 
quaintance, tomato plants were grown in an especially designated area 
on a farm in Manchester, Vermont, some of the specimens being sub- 
jected to the artificially imposed electric field and other plants without 
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AWSTARD PLANTS 
36 DAYS FROM 


Fic. 8. Mustard plants, 36 days from seed, —190 volts. 


MUSTARD PLANTS 
43 DAYS PRAM SEED 


Fic. 9. Mustard plants, 43 days from seed, — 190 volts. 


such device used as a control. After a month’s growth, no significant 
differences were noted between the plants grown with an electric field 
and those grown without. Later the author learned on inquiry that 
tomato seeds were not planted in the ground, but rather, young plants 
were set out so that the original germinations were not subject to the 
same experimental condition as those used in the laboratory. 
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In the summer of 1944, through the interest of Mr. G. F. Prideaux 
of the General Electric Company, an experiment was carefully super- 
vised at Nela Park, Cleveland, Ohio. In this case, a slanting screen 
was erected to which a —180 volts was applied to simulate the condi- 
tions depicted in Figs. 8 and 9. After a sufficient lapse of time, photo- 
graphs were made of both the experimental plants and the controls and 
prints were forwarded to the author of this article for comment. No 
significant effect could be detected. These negative results in the open 
present a puzzling problem to account for the differences in the results. 
It has been suggested that where there is a free circulation of air, as is the 
case of experiments made out of doors, the ionic gradient is disturbed 
thereby. This is not the case in a draftless room in the laboratory 
where the difference in growth was so obvious. 

Another point of difference lies in the fact that the electric field 
indoors was maintained between a root container and the overhead 
screen without any attempt to maintain the roots at an electrical 
“ground” level. This suggested a variation in the experiment under 
conditions where the root containers in the laboratory are connected to 
the earth through an electrical ground wire. 

This was done in the fall of 1942, the results of which are shown in 
Fig. 10. Referring to Fig. 10, the plant at the extreme left was sub- 


Fic. 10. Three-specimen experiment with ground wire. Photograph of 
October 7, 1942, mustard, 28 days from seed. 


A—extreme right-hand plant, —75 volts, no ground 

B—middle plant, no field, no ground 

C—extreme left-hand plant, —75 volts, plus terminal 
(receptacle) grounded 
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jected to a potential difference between the root receptacle and the 
overhead screen of —75 volts. The positive terminal of the battery 
supplying the —75 volts was connected not only to the metallic recep- 
tacle in which the seeds were planted, but also to a ground wire leading 
totheearth. The plant at the extreme right was subjected to a negative 
potential of —75 volts at the screen with respect to the root receptacle, 
but without any ground wire. The plant in the middle position in the 
photograph had neither ground nor battery connections, and was used 
solely as a control. The photograph was made 28 days after planting. 
It appears that both in the extreme left and extreme right specimens 
growth was promoted by the electrical field as compared to the middle 
control specimen having no imposed field. The plant at the extreme 
right subject to —75 volts but without ground wire showed growth 
comparable with the plant at the extreme left subject to —75 volts with 
the root receptacle grounded. So far as this experiment is concerned, 
the electrical potential of the roots with respect to the earth would 
appear to be unimportant. 

Other experiments were planned, but on account of the demand for 
space for other investigations under the pressure of the national emer- 
gency the experiments on plant growth were discontinued. It is hoped 
that the detailed account here presented may stimulate sufficient interest 
for many follow-up experiments that may lead to an explanation as to 
why the behavior pattern under laboratory conditions appears so differ- 
ent from results obtained from growing plants in the open out of doors. 
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ORBITAL BEHAVIOR OF EARTH SATELLITES 


BY 
ROBERT E. ROBERSON 


Part I * 
ABSTRACT 


Although the methods of classical astronomy are applicable to the analysis of 
orbits of close satellites, a need has existed for a treatment of intermediate accuracy 
of the effect of the oblateness of the earth, a major perturbation source under these 
conditions. This paper reviews some of the more recent contributions toward this 
goal, compiles a number of orbital results of value in satellite engineering, and dis- 
cusses some of the perturbation sources on a satellite orbit. It develops a solution of 
first order in the oblateness for orbits about an oblate spheroid by a method similar to 
Hansen's classical perturbation method. Particular attention is given to the effect 
of initial conditions on the orbit elements. 


1, INTRODUCTION 


Current interest in earth satellites has been accompanied by an in- 
creasing literature on the major problems of satellite engineering. Much 
of this literature is descriptive or semi-quantitative, but some problems 
also have received considerable analytical attention. One of the latter 
is the problem of the satellite’s orbital motion. 

An adequate orbit analysis for earth satellites is of fundamental 
importance for several reasons. It is essential if the satellite is to be 
used as a geodetic or geographic tool, or as a research vehicle for which a 
continuous position record is an integral part of the instrumentation. 
By minimizing search requirements, the analysis is the key to successful 
location and tracking from a ground station. It is a central question in 
the operational analysis of almost all satellite applications. 

For minimum instrumented satellites and some research satellites a 
very simple picture of the orbit suffices—a circular or elliptical path 
about a spherical earth, all perturbations being ignored. However, 
most applications require a somewhat more sophisticated picture. The 
question of life-time on orbit usually is of interest, so that air drag 
considerations must be added. The effect of the earth’s oblateness 
often is important, such as in the case described in (6)? and (1) where 
this effect is used to improve our knowlecge of the ellipticity of the 
earth. Still other perturbations of the orbit, such as the effect of tidal 
friction (7), have been claimed (incorrectly) to be of operational im- 
portance. 


1 Autonetics Division, North American Aviation, Inc., Bellflower, Calif. 
* Part II will be published in this JouRNAL for October, 1957. 
* The boldface numbers in parentheses refer to the references appended to Part I. 
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The present status of satellite orbit analysis can be summarized as 
follows. 


1. The classical astronomical literature (for example (3)) does not 
adequately describe the orbit of a close satellite. It concerns primarily 
satellites which are remote enough from the primary body that effects 
like air drag and oblateness are overshadowed by the perturbations of 
the sun and major planets. In cases where oblateness is considered, 
results generally are restricted to orbits with low inclination. Further- 
more, there are other characteristics of these analyses which make it 
difficult to apply them to the motion of artificial satellites. 

2. The major problems of air drag analysis are what drag coefficient 
and air density function to use, and the purely formal difficulty of solv- 
ing the nonlinear differential equations of motion. A recent paper (10) 
discusses these questions in some detail, but only solves the equations 
of motion for a case of spiral orbits which is not of major practical im- 
portance. 

3. As mentioned above, there have been some analyses encompassing 
the effect of oblateness of natural satellites, but unfortunately these 
are not entirely satisfactory for present purposes. A treatment by 
Spitzer (12) with the artificial satellites in mind considers only the per- 
turbations of a circular orbit. De Nike (4) discusses computer solu- 
tions for the oblateness effect and for an orbit under the combined 
action of oblateness and air drag. Another recent paper (1) discusses 
the use of the oblateness perturbation for geodetic purposes, but is 
seriously deficient from several points of view. Krause (6), in a paper 
which does not seem to be as well known as it deserves to be, displays 
the equations of perturbation of a set of orbital elements and discusses 
the oblateness effect among other topics. 

4. Solutions to the two-body problem are abundant, for in addition 
to their sufficiency for many applications, and consequent intrinsic 
interest, they usually serve as generating solutions in the analysis of 
small perturbations. However, there seems to be no compendium of 
results for this simple case which includes all principal expressions of 
value in satellite engineering and the interrelationships among the many 
available parameter sets in terms of which these expressions are com- 
monly written. 

5. Finally, I am not aware of any general discussion and assessment 
of the miscellaneous small perturbation forces which can be conceived 
to act on artificial satellites; none, at least, in company with a quantita- 
tive description of the orbital behavior under the major perturbations. 
However, some treatments of particular perturbations have been given, 
such as those of Krause (6) and Spitzer (12) on the effects of the sun and 


moon. 


As implied by this status summary, a need exists for an integrated 
and analytical treatment of the orbit of an earth satellite with the re- 
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quirements of satellite engineering rather than classical astronomy pri- 
marily in mind. The present paper is directed toward that need, at- 
tempting to provide a unified treatment of the major results which pres- 
ently are scattered rather widely throughout the astronautical literature. 

The preliminary considerations below include the definition of a 
reference coordinate system, discussions of the sources of orbital per- 
turbations and the rationale under which the orbit is analyzed, and 
estimates of the effects of the minor perturbations. Section 2 also 
summarizes the principal results for elliptic motion and gives tabular 
relations among the various sets of parameters in terms of which it is 
convenient to describe elliptic motion. 

The bulk of the paper is concerned with an analysis of one of the two 
major perturbations of a close satellite—that of the earth’s oblateness.* 
Results are of intermediate accuracy, which is to say they are correct to 
first order terms in the ellipticity of the earth. Thus they suffice for 
most satellite engineering purposes and for operational studies, although 
they may not be adequate for the most precise astronomical needs, 
such as that of very long time prediction of position.‘ In particular, all 
important aspects of the motion arising from the oblateness of the earth 
are encompassed. I feel that higher order approximations would serve 
principally to make slight adjustments in some of the parameter values 
such as orbital frequency. 

Air drag, the other major perturbation source, has been analyzed in 
comparable detail. However, the combined length of the two analyses 
and the fact that the treatment of air drag is an inherently self-contained 
topic have made it preferable to present the latter as a separate, com- 
panion paper. 

2. PRELIMINARY CONSIDERATIONS 


2.1 Coordinate Systems 


A variety of coordinate systems is used in the astronomical literature 
to describe satellite position. (See, for example (3).) Although these 
coordinate systems sometimes appear numerous to the point of con- 
fusion, they reflect the wealth of analytical methods which have been 
devel’ ped for the approximate solution of the dynamical equations of 
motion, invariably nonlinear in celestial mechanics. There tends to be 
one set of generalized coordinates which lends itself best to each such 
approximate method. 

It has been observed previously that one way in which artificial 
satellite orbit analysis differs from classical orbit theory is that orbits 
having very high inclinations, such as meridian orbits, must be treated 
as commonplace. Therefore, rather than using the equator as a basic 

3 It should be mentioned that this part of the analysis has been distributed as a technical 
report after an original publication in that form in January, 1953. 

4A forthcoming book by Dr. Samuel Herrick is likely to provide a definite treatment of 
this problem from the astronomer’s viewpoint. 
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reference plane, as is done in a number of treatments of satellite orbits, 
I have used a plane inclined to the equator at an angle y which is not 
assumed to be small. Furthermore, because it is well known that the 
oblateness of a body causes the “‘plane’’ of its motion to rotate about the 
body’s axis of symmetry, the inclined plane mentioned above is assumed 
to rotate about the earth’s polar axis with an unspecified angular veloc- 
ity. The rationale of choosing this angular velocity is discussed in 
Section 2.3 below. 

The coordinate system introduced below is well suited to the particu- 
lar perturbation method used later to analyze the major aspects of the 
orbit behavior. At the same time, it is one which seems to have intui- 
tive appeal to persons with engineering backgrounds. 

Let xY3% be a right-hand rectangular Cartesian coordinate system 
with its origin at the center of the earth and an orientation fixed in 
inertial space. Let the Y axis lie in the direction of the earth’s north 
pole. Although the orientation of x and 43 is arbitrary, assume for 
definiteness that the 4 axis is directed toward the First Point of Aries.§ 
Next, let X Y Z be a similar system obtained from x Y 34 by a rotation 
through an angle Ag about the y axis. The significance of the notation 
chosen for this angle becomes apparent later. These two coordinate 
systems, the relation between them, and their relation to the%earth are 
shown in Fig. 1. 


Fic. 1. Coordinate systems X,Y, 4 and Fic. 2. Orbital plane and its relationship 
XYZ in relation to the earth. to Z, 7, Z. 


Next consider a plane containing the Z axis and inclined to the 
earth’s equator at an angle y (with 0 < y < 7), as shown in Fig. 2. An 
important problem of orbit analysis is to find how the angle Ag must be- 
have if the satellite is to remain within, or close to, this inclined plane. 

5 For the non-astronomer, the First Point of Aries, symbolized by T, is the intersection on 


the celestial sphere of the earth’s equator and the sun’s path as it passes from south to north 
across the equator, that is, the vernal equinox. 
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Thus it is natural to speak of the plane as the “‘orbital plane” and of the 
angle y as the “orbital inclination.’”” The convention is adopted that 
the satellite crosses the equator from south to north near the Z axis, so 


Fic. 3. Position angles of the satellite. 


that the intersection of this axis with the projection of the equator on the 
celestial sphere is the so-called ‘‘ascending node’’® of the orbit, and the 
Z axis itself is the “‘line of nodes.” 

Three generalized coordinates are required to specify completely the 
location of the satellite relative to the earth. One of them is chosen to 
be the radial distance, 7, of the center of mass of the satellite from the 
center of the earth. The other two are angular coordinates, a and 8, 
which are described conveniently in terms of the orbital plane. 

Figure 3, an edge-on view of the orbital plane from the positive Z 
axis, shows the satellite at point S. Denote by y the axis through the 
center of the earth normal to the orbital plane, its positive sense on the 
northerly side of this plane for y < 2/2 and on the southerly side for 
y > 1/2. The shaded plane in Fig. 3 contains both the y axis and the 
satellite and intersects the orbital plane in a line defined as the z axis. 
The positive sense of this axis is such that it makes an angle of less than 
a/2 with the ray from the center of the earth to the satellite. In these 
terms the dihedral angle from the Zy plane to the yx plane, labeled 8, 
describes the angular advance of the satellite from its ascending node. 
The angle a, measured in the yz plane positively as shown in the figure, 
describes the satellite departure from the orbital plane. 

Angles a and 8 clearly bear a relation to the orbital plane similar to 
that borne by conventional latitude and longitude relative to the 
equator. The ascending node plays the same role in establishing a zero 

6 This ascending node is customarily designated by Q in astronomical literature, whence 


the motivation for the longitude angle notation Ag. Note that T is the ascending node of the 
sun in its apparent motion about the earth. 
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of “‘longitude’”’ in the inclined plane as the Greenwich meridian in estab- 
lishing longitude on the earth. However, the range of 8 is supposed to 
be — « <8 < © rather than restricted between 180°E and 180°W 
as is the case with earth longitude. 

Three other angles, shown in Fig. 3 as Xs, Ase, and ¢, are of frequent 
occurrence in problems related to the orbital geometry. Respectively, 
these are the latitude of the satellite ; its longitude relative to the ascend- 
ing node, measured positively in the sense of a positive rotation about 
the Y axis; and the approximate heading of the satellite’s trajectory,’ 
measured from the east positively toward the north. 

Relations between these auxiliary angles and the basic set are easy 
to derive from elementary properties of spherical triangles. For refer- 
ence, they are 


sin Aso = sina cos y + cosa@sin y sin B (1) 


cos Ase = cos a cos B/cos Xs (2) 
(3) 


It is useful to have explicit direction cosine matrices between the 
coordinate sets x y 3, X YZandxyz. (In the last, x is adjoined to 
the y and z defined previously so as to form a right-hand system.) 
These matrices are shown in Table I. 


cos = (cosacos y — sin asin y sin B)/cos 


TABLE I. Direction Cosine Matrices for Coordinate Sets 
3, X YZ, and xyz. 


x s 


Y 

cosAg 0 sinAg —sinfsinAg+cosfcosAgcosy —sinycosAg cosfsinAg+sinfScosAgcosy 
1 
0 


0 sinycosB cosy sinysing 
cos8cosAg —sinBsinAgcosy 


—sinScosAg+cosfsinAgcosy sinysinAg 


cosycoss —siny cosysing 
0 1 0 sinycosB cosy sinysing 
—sing 0 cos8 
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.2 Elliptic Motion 


Consider the orbit that would exist if the earth were a gravitating 
sphere and exerted the only force on the satellite. The orbital plane 
would be the plane containing the satellite and the center of the earth 
at any instant, so oriented that it would also contain the satellite veloc- 
ity vector at that instant. The plane would remain fixed in inertial 
space (Ag and y both being constant). Moreover, the satellite would 
follow an elliptic path with the earth at one focus, and would never 
deviate from the orbital plane. 


7 This interpretation of ¢ can be justified later. 
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Actually, a number of physical effects perturb the orbit from this 
basic elliptic form. It is the analysis of the more significant perturba- 
tions which is the central problem of this paper. However, because the 
inverse square portion of the earth’s attraction is ordinarily the domi- 
nant force on the satellite, elliptic motion usually is a good first approxi- 
mation to the actual motion, and it often is convenient to discuss the 
actual motion in terms of slow changes in the characteristic parameters 
of the approximating ellipse. Moreover, many problems related to the 
applications of an artificial satellite can be analyzed as if the motion 
were elliptic in the orbital plane. It is for these reasons that the topic 
of elliptic motion is basic to the study. 


SATELLITE VELOCITY VECTOR 


(MAGNITUDE Vv) 


WOoRMAL TOF 


\ Pocus oF 
EGLIPSE (cente 
OF EARTH) 


Fic. 4. An elliptical orbit. 


It is not my purpose to develop all of the well-known properties of 
particle motion in an inverse square field—these appear in detail in al- 
most every elementary mechanics and astronomy text. However, 
there is a definite advantage in at this point giving a few essential defini- 
tions, introducing some additional notation, and summarizing certain 
basic formulas in a form most convenient for the engineering of artificial 
satellites. 

Figure 4 shows the geometry and important parameters of an 
elliptic orbit. It depicts the face of the orbital plane on which 8 ad- 
vances counterclockwise, so that it is a normal view of the northerly side 
of this plane as it is drawn in Fig. 3. The line of nodes again is shown as 
the Z axis and the satellite position as S._ Because this is a case of plane 
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motion, the angle a is identically zero and the satellite is located uni- 
quely by the radius r and the angle 8. The point of closest approach of 
the orbit to the center of the earth is called the perigee. The point of 
furthest departure from the earth, lying diametrically opposite the 
perigee, is called the apogee. The line connecting perigee and apogee 
is called the line of apsides. 

The size and shape of the ellipse are completely characterized by 
the lengths R, and R, of the major and minor semiaxes, respectively, or 
equally well by the perigee and apogee distances, Rp and Ra, respect- 
ively. Its orientation in the orbital plane can be described conveni- 
ently by the angle Bp, from the Z axis to the perigee radius. The 
equation of the ellipse often is written in terms of 


B* = B — Bp (4) 


which represents the angular advance of the satellite past the perigee. 
The angle 8* is the “true anomaly of the motion’’ used in celestial 
mechanics. A similar angle whose vertex is at the center of the ellipse 
rather than the center of the earth is the “eccentric anomaly.” 

The eccentricity 


e= V1 — R2/R? (5) 


plays a central role in discussing elliptic motion. A fundamental form 
for the equation of the ellipse, in terms of which other representations 
can be derived as needed, is 


_ 
1+ p* (6) 


Another useful quantity is the radial semivariation Ah, defined as 
1 
Ah = > (Ra — Rp). (7) 


It is related to « by Ah = eR,. In view of these relations (Eqs. 5, 7 
and those implied by the geometry of Fig. 4), it is possible to describe 
the orbit by any two of the six parameters R., Rs, Ra, Rp, € and Ah. 
However, it also is frequently useful to know how these geometric param- 
eters are related to the dynamic or kinematic parameters of the orbit. 
The latter include apogee velocity V4, perigee velocity V'p, angular 
momentum Hs, and total energy Es. In particular, the latter two are 
widely used in elementary mechanics texts. 

The orbit can be characterized by any two of the four parameters 
of the latter set, as well as any two of the previous six. Note, though, 
that one cannot freely use any pair from the totality of ten parameters. 
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For example, because Es = — K/2 R,, the pair (R., Es) is equivalent 
to but one parameter. 

Table II provides conversions between any selected pair of geometric 
parameters and the remaining four geometric parameters. Table III 
gives, for each of these same pairs, values of the four dynamic param- 
eters. It is not especially useful to list the dynamic parameters as the 
independent variables or to extend the tables to the admissible mixed 
pairs of geometric and dynamic parameters. 

In this paper the following set of orbital elements is chosen as basic: 


1. Major semiaxis R, 
2. Eccentricity € 
3. Inclination of the orbital plane Y 
4. Location of the perigee in the 

orbital plane Bp 
5. Location of line of nodes in 

inertial space Ag 


Only the first two of these are important in discussing elliptic motion. 

The time behavior in an elliptic orbit is obtained from Eq. 6 and the 
condition that the angular momentum //7s = mr’g* be constant.’ The 
result is 


at = — 2esingt + sin 


8) 
where 
= VK/R.! (9) 
is the so-called ‘‘orbital frequency.’’ Reversing the series, 


= wd + (26-10) sinws + (Ge He) sin 2 


+ a é sin 3 wot + 0 (e). (10) 


The orbital radius from Eq. 6 can be rewritten as 


n=1 


8 The initial instant of time is chosen to be the instant when 6* = 0. 
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from which 


r(t) _ 5 te) 
e— COS wot 3¢ cos 2 wot 


€ cos 3 wot + (12) 


Note that a series for (R./r)*? in terms of time can be obtained easily 
from Eq. 10 using the fact that (R./r)? = dB*/d(wot). 
A few other useful expressions from (3) are included for reference. 


R./r = 1+ J,,(ne) COS N wot (13) 


n=1 


3 

(r/Ra)? = 1+ J,(ne) cos (14) 
n=1 

where J, is the Bessel function of the first kind of order m. Also, series 

expansions for sin 8* and cos 6* can be obtained from the relationships 


ecos B* = (1 — e)(R,/r) — 1 (15) 
esin B* = V1 — &d(r/R,)/dwot. (16) 


Finally, it often is convenient to have expressions for the velocity, its 
components, and its inclination to the local horizontal as functions of 


and r: 


V2 = K(1 + & + 2ecos 6*)/R,(1 — &) (17) 


K * 
Vi = R.(1 — &) (1 + ecos ) (18) 
Vy = V € sin p* (19) 


esin B*/(1 + e€cos (20) 


tan y 


2.3 Rationale of Perturbation Analysis 


The most important assumption under which the orbit problems of 
this paper are treated is that the various perturbation effects are linearly 
additive. Neither second-order results for individual sources nor the 
cross-coupling of the physical effects is included. However, in nonlinear 
systems such as those of celestial mechanics one generally cannot simply 
superimpose the responses to a number of forces in finding the response 
to their sum. Therefore the question arises as to the range of validity 
of the results. 
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Unfortunately, a quantitative answer cannot be given. However, 
Poincaré’s generalization of Cauchy’s existence theorem for analytic 
ordinary differential equations guarantees that the solution in the pres- 
ence of many small perturbations is simply the sum of the separate re- 
sponses to the perturbations, plus terms of higher order in the pertur- 
bation parameters. Provided these parameters are sufficiently small, 
this expansion of the solution is known to converge. Furthermore, for 
sufficiently small parameter values, the first-order terms describe the 
motion accurately over any preassigned length of time, even if secular 
terms are present. However, one is not free to make these parameters 
arbitrarily small, for they are set by the physical situation. It follows 
that no estimate of the accuracy with which the first-order terms repre- 
sent the solution can be obtained without evaluating the higher-order 
terms and determining their magnitudes. Not even convergence can 
be proved, in general. 

The present analysis is designed to satisfy the needs of artificial 
satellite system engineering and does not purport to represent a complete 
and satisfactory solution to the orbit problems purely as problems of 
celestial mechanics. Therefore, as a practical matter, I feel that the 
philosophy should be adopted that the important qualitative aspects 
of the motion all arise in the first-order terms, and that the higher-order 
terms function principally to modify the numerical values. This has 
been used as a working hypothesis in the absence of investigation of 
higher-order and cross-coupling terms. 

The separation of perturbing effects is one facet of the rationale of 
the analysis. Another is the periodicity of solutions. In the presence 
of most perturbations, orbits are not closed, not periodic. However, at 
least for nondissipative perturbations, it often is possible to choose a 
suitably rotating reference frame with respect to which the motion ap- 
pears to be periodic. This approach, the search for such a reference 
frame, is used here because of the easy visualization it provides as a 
picture of the orbit. 

However, a subtlety arises which must be noted. Not all of the 
perturbation effects mentioned above are analyzed relative to the same 
coordinate system. Even though the motion in each individual case 
may be periodic when referred to its own reference frame, does it follow 
that a single system can be chosen with respect to which the combined 
motion is periodic? 

This question is answered affirmatively by the following theorem: 


® An interesting extension of the present work would be the consideration of some of the 
first cross-coupling terms to see whether any new qualitative features arise. It certainly is 
possible that these or the second-order effects may be quantitatively significant as well. For 
example, it is stated in (3), p. 247, that nearly half of the motion of the lunar perigee is obtained 
only in the second approximation. The present case may be simpler because of the presence of 
dominant perturbations (the earth’s oblateness and air drag) which tend to overshadow all 
other effects. 
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Consider the small perturbations from a number of nondissipative sources. Suppose 
that reference frames with suitable vector angular velocities can be found such that 
the motion under each individual source acting alone is periodic as seen from the cor- 
responding reference frame. Then the motion under the combined effects of these 
perturbation sources is periodic, at least to first-order terms in the small perturbation 
parameters, as seen from a reference frame whose angular velocity is the vector sum 
of those corresponding to the individual sources. 


To prove this, let the motion be described relative to the orbital 
plane of Fig. 3 which rotates in inertial space with the angular velocity 
. Suppose that this angular velocity is resolved into the x y z coordi- 


nate system by 
@ = we, + + (21) 
where the @ are the unit vectors along the axes indicated by the sub- 


scripts. The components of a may be functions of the variables 6, ¢ and 
certain parameters such as y and the characteristics of the perturbation 


sources. 
The kinetic energy of the satellite is! 


+ — w,)? + cosa + w, cosa —w,sina)*]. (22) 


In’general the potential function in the presence of a number of perturb- 
ing forces can be written 


V me [1 + nif (r, a, B, t) vof(r, a, B, t) +: (23) 


where are small parameters and f, f®,-- + are functions whose 
exact forms need not be specified. Attention is specifically restricted 
to nondissipative cases for which such a potential function exists, thereby 


leaving air drag out of consideration. 
The equations of motion in 7, a and 8 become (the independent 


variable being ¢) 


# = r[ (a — w,)? + (Bcosa + w, cosa — w, sina)? ] 


OW, 
—w,)]=- + (B cosa + w, cosa — w, sin a) 


K 
x (sina + w.sina + +] (25) 
r da da 


1 The case w, = Ag sin y sin B, wy = Agsin y cos 8, w, = Ag cos y is the one considered in 


Chapter 3. 
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d OW, 
di [r? cos a(8 cosa + w, cosa — w,sina)] =r a 3B 


+ (Bcosa + w, cosa — w; sin a) ( cosa sin a))| 
K af” 
+ ap 9B +--+]. (26) 
In applying a perturbation method to these equations, one assumes 


r=ro+vyr+ vor terms in v3, v4, and products and 
powers of the », (27) 


= via, + veo, (28) 

Bo + + (29) 
= 1X1 + (30) 
= + (31) 
= + (32) 


The zero order equations are simply the equations for elliptic motion, 


= = (33) 


ro 
dt (ro?8) = 0. (34) 


The first order equations are, with 7 = 1, 2, -- 


K of 2r; 
= 7:Bo? + 2 Boro(Bi + Zi) — apo —1o (35) 
0 0 


K of 


To say that there exists a rotating frame with respect to which the 
motion appears periodic when a particular perturbation source (say 
the k) is considered, is equivalent to selecting an X;, Y; and Z; such 


that the solutions of Eqs. 35-37 for ¢ = k are periodic. Suppose that 
this can be done for ail sources considered. Then X,, Y;, Z,; are deter- 
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mined uniquely for all 7; and, because of the way in which these quanti- 
ties enter Eqs. 35-37, the choice to make the motion appear periodic 
under one perturbation does not affect the choice for any other pertur- 
bation source. 

That is, it is possible to choose X;, Y;, Z; (¢ = 1, 2, ---) such that 
there is simultaneous periodicity for all sources. This uniquely specifies 
the angular velocity of the single coordinate reference frame, making it 
in view of Eqs. 30-32 equal to 


o= é, (= + é, (= + é, (= 
+ higher order terms in the »; (38) 


and the theorem is proved. 


2.4 Analysis of Minor Effects™ 


A number of sources of perturbing force can be conceived to act ona 
close artificial satellite. These include: 


. oblateness of the earth 

. air drag 

sun, moon, and planets 

asymmetries of the earth (deviations of the geoid from an ellip- 
soid or revolution) 

. tidal friction 

. attitude motions of the satellite 

. electromagnetic fields 

relativistic effects 


Of these, the first and second are dominant effects, while the remainder 
are minor. 

Relative to the perturbation caused by the oblateness of the earth, 
it is shown later that the orbit appears closed and periodic relative to a 
suitably rotating frame of reference. In particular, the orbit appears 
to remain near a plane which rotates about the earth’s polar axis at a 
rate which depends on the inclination of the plane. This effect is called 
the “regression of the nodes.’’ Moreover, the line of apses of the 
generating ellipse rotates slowly in the regressing plane, the effect being 
called the ‘‘precession of the perigee.” 

The other dominant perturbation, air drag, eventually brings any 
close satellite to earth. It is the only significant dissipative perturba- 
tion. As mentioned previously, it is analyzed elsewhere. The method 


11 Since this section was originally written, these effects have received considerable verbal 
and written discussion. I do not believe, though, that this has touched upon the present 
material on tidal friction. I have separately given a method for analyzing the air drag effect, 
as (13), in which some other references to this topic are given. 


| 
: 
1 
y) 
4 
Wie 


Sept., 1957.] OrsBITAL BEHAVIOR OF EARTH SATELLITES 199 


of variation of parameters is used, and approximate expressions are ob- 
tained for the decay of radius and eccentricity with time, and for the 
gradual change of orbital frequency. 

Consider now the minor perturbations. 

An obvious source of orbital perturbation is the presence of gravita- 
ting bodies other than the earth. Spitzer (12) has summarized the 
effects of sun and moon, showing that changes of radius are insignificant 
and that orbital regression effects added have periods of the order of 
thousands of years, so that changes over one year are small. Maximum 
changes in the longitude of the ascending node are about 10 min. and 4 
min. from moon and sun, respectively. It is estimated that fluctuations 
of orbital inclination do not exceed about 30 sec. and 10 sec. from moon 
and sun, respectively. 

It is concluded that the effects of the sun and moon (and, even more 
so, of the planets) can be ignored over periods of the order of a year. 
It is possible that they can be observed over such a period, if not ob- 
scured by the oblateness and air drag perturbations, but they will not 
be operationally significant for most satellite applications. 

In analyzing the effects of its oblateness, the earth is assumed to 
have rotational symmetry about its polar axis. This is not quite true. 
The earth is a relatively rigid body with three principal axes of inertia. 
As one of these corresponds closely to the polar axis, the other two must 
be approximately in the equatorial plane. If the earth’s moments of 
inertia about these two axes are equal, the satellite motion remains in- 
dependent of the earth’s rotation. However, there is some evidence 
that there is a difference in the moments about the two equatorial 
principal axes. A term should therefore be inserted into the potential 
function of the earth which depends on the satellite longitude relative to 
these axes. 

According to (11) the coefficient of this longitude-dependent term is 
two orders of magnitude below that of the first-order oblateness term. 
Jeffreys (5) remarks that this effect can be analyzed satisfactorily by a 
first-order perturbation procedure, if analysis is desired, but that the 
effect of asymmetry, unlike that of oblateness, has never been observed 
in the motion of the moon. Accordingly, it is conjectured that the 
earth’s rotational asymmetry is relatively unimportant for a small, close 
satellite over a period of time of the order of one year. 

Tides raised by the satellite and their corresponding dissipative 
effect are insignificant, contrary to the claim of (7). It is worth investi- 
gating why this claim is incorrect.'"* The equation which expresses the 
conservation of angular momentum for the earth-satellite system (for 
a quasi-circular orbit of radius R,) is 


Hr + = constant, (39) 


12 The author is idebted to Dr. John V. Breakwell for this argument. 
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where /; is the spin angular momentum of the earth and a» is given by 
Eq. 6. 

Another equation must be added to Eq. 39 to express the effect of 
tidal friction. With w» greater than the spin angular velocity 2 of the 
earth, the gravitational tide raised on the earth by the satellite may be 
expected to lag behind the satellite because of tidal friction. This 
causes a gravitational torque tending to increase the earth’s angular 
momentum and decrease that of the satellite.“ The amount of the 
retardation torque is not known, but the resulting torque on the earth is 


assumed in (7) to be 
dH 


dt C(w = 1) (w we), (40) 
where w; and w, are the real solutions of 
mKi mKi 
+ Hg + (41) 


That is, w; and w, are the two possible satellite angular velocities which 
are equal to the angular velocity of the earth. 

It is in the value of C that the fallacy of (7) arises. There, it is 
stated that “‘since the torque is a gravitational effect,’’ C must be pro- 
portional to the mass m causing it, and “‘since [the torque ] depends on 
the variation of gravitational pull with distance,’’ C must also be pro- 
portional to mR,-*. However, the following is shown to be the case in 
(5, p. 220). First, the satellite raises a tide of height proportional to 
mR,-*. Second, the torque exerted on the earth is proportional to 
mR,~*. Thus it must be that C is proportional to (mR,~*)? rather than 
to 

With this correction, the theory of (7) estimates that the time of 
descent from 800 km., a typical value, would be of an order exceeding 
10” year. 

Consider next the effect of attitude motions of the satellite. If it is 
considered to be a distributed rigid body rather than a point mass, the 
equations of motion of the center of mass around the earth are generally 
coupled to the equations of attitude motion about the center of mass. 

This effect is equivalent to introducing into the potential function 
for orbital motion a perturbation term whose coefficient (analogous to 
the coefficient » of the oblateness perturbation discussed in Section 4) is 
(I — I,)/ma*, where I — I, is the difference between the satellite 
moments of inertia about a diametral axis and axis of rotational symme- 
try. For a typical satellite vehicle this coefficient is many orders of 
magnitude smaller than yp. 


18 This is the reverse of the effect between earth and moon because the angular velocity of 
the moon is less than that of the earth and the tidal bulge preceded the position of the moon. 
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It is concluded that the effect is completely negligible and that orbi- 
tal motions can be analyzed independently of attitude motions. The 
converse is also true, that attitude motions can be analyzed as if the 
orbital motions resulted in purely external exciting forces. 

An artificial satellite will have a magnetic moment and a charge dis- 
tribution. The magnetic moment arises from permanent magnetic 
fields originating in internal equipment and, by induction, from the 
magnetic field of the earth. A net electrical charge may exist from ion 
collection during the ascent through the atmosphere, and a charge dis- 
tribution is induced by the electric field of the earth. Both torques and 
body forces result from these effects. 

The analysis of the interaction of the earth’s electric and magnetic 
fields with the satellite’s field is an exceptionally difficult problem. A 
part of this is purely formal analytical difficulty, but a more troublesome 
fact is that the satellite field is quite sensitive to its configuration and the 
precise nature of its electric and magnetic properties and its internal 
equipment. 

Therefore, Iam unable to make a general statement about the magni- 
tude of the electromagnetic interaction effect. However, some crude 
estimates of upper bounds have led me to conjecture that the force from 
this source normally would be entirely negligible compared to the pertur- 
bation force from the oblateness of the earth. 

Relativistic effects, as might be expected, are insignificant relative 
to the oblateness effect. Perturbation terms are obtained in the rela- 


tivistic equations of motion which have a ratio to the usual inverse 
square term closely equal to 3R,’w.?/c?, where c is the velocity of light. 
For altitudes of the order of hundreds of miles, this ratio is of the order of 
10-*, which is to be compared with the corresponding coefficient 5 X 
10-* for the oblateness perturbations. 


(To be continued) 
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ANALYSIS OF PULSE PILE-UP EFFECTS IN A 
PULSE-COUNTING SYSTEM * 


BY 
RICHARD H. FRAZIER'* 


ABSTRACT 


In a pulse-counting system such as illustrated in the block diagram of Fig. 1, the 
counting device may give spurious counts caused by the pile-up or superposition of 
small pulses originated by background radiation, so that the equivalent of a pulse 
characteristic of the radiation under examination is approximated. This paper 
analyzes the rate of spurious counts as influenced by the average rate of occurrence 
of the small background pulses, the discriminator setting in terms of the height of 
such pulses, the resolving time of the amplifier-discriminator combination, and the 
resolving time of the counting device. 


I. STATEMENT OF THE PROBLEM 


The problem studied relates to the counting of pulses due to radiation 
a measurement of which is desired in the presence of a background of 
smaller pulses due to unwanted radiation. Though the unwanted pulses 
may in general be much smaller individually than the wanted pulses, the 
unwanted pulses may occur with such frequency that occasionally 
sufficient overlap or ‘“‘pile-up’’ may develop to give a resultant pulse 
height comparable to the height of wanted pulses and a spurious count 
may result. An estimate of the rate of these spurious counts for com- 
parison with the desired counting rate for wanted pulses, together with 
some understanding of the manner in which counts develop in the 
counting system, should be of some assistance in the design and opera- 
tion of the system to minimize such spurious counts. 

The type of pulse-counting system studied consists essentially of a 
chamber in which ionization is created either directly or indirectly by the 
radiation to be measured, an amplifier that enlarges the pulses generated 
by ionization in the chamber, a discriminator that recognizes only those 
enlarged pulses that exceed a predetermined voltage level and is triggered 
by those pulses to deliver still larger and essentially uniform rectangular 
pulses to a scaler and register or other counting device. The simple 
block diagram of Fig. 1 indicates the sequence of apparatus. This paper 
does not give any treatment of the details of the circuits or devices that 
may be involved in the system but aims merely to give sufficient de- 


* The work on which this paper is based was performed as Consultant to the Bettis Plant, 
Pittsburgh, Pa., operated for the United States Atomic Energy Commission by the Westing- 
house Electric Corporation. Permission to publish the material has been granted by the 
Atomic Energy Commission. 

1 Department of Electrical Engineering, Massachusetts Institute of Technology, Cam- 
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scription of the action of the system to provide basis for general analysis. 

The voltage height, shape and duration of a pulse delivered by the 
chamber to the amplifier depends not only on the energy of the ionizing 
particle, the kind of gas in the chamber plus its temperature and pres- 


HONIZATION PULSE COUNTING 
CHAMBER AMPLIFIER D 0 DEVICE t 


Fis. 1. Block diagram of pulee- Fic. 2. Pulse delivered to amplifier. 
counting system. 


% 


sure, and the polarizing voltage, but depends also upon the geometry of 
the chamber, the direction of the line along which ionization occurs, and 
the manner of coupling the chamber to the amplifier, as discussed by 
W. W. Ramage and R. H. Frazier in another paper (1).2_ The form of 
pulse delivered by the chamber to the amplifier may be essentially as 
illustrated in Fig. 2, which is for a parallel-plate chamber with the line 
of ionization parallel to the plates.* In passing through the amplifiers 
the pulse height, shape, and duration are further modified by the param- 
eters of the vacuum tubes, interstage coupling and output networks, 
so that an amplified pulse of voltage v, having the general form of Fig. 3 
is delivered by the amplifier to the discriminator, which in turn delivers 
a rectangular pulse of height V» such as shown in Fig. 4 to the counting 


t 


Fic. 3. Pulse delivered to discriminator. Fic. 4. Pulse delivered to counting device. 


device. The time constants of the input, coupling, and output net- 
works for the amplifier must be adjusted so that for the average fre- 
quency with which pulses occur, voltages on capacitors cannot build up 
sufficiently to block the operation of the vacuum tubes. This situation 
is one aspect of pulse pile-up, though not the problem of concern in this 
paper. 

The assumption in Fig. 3 is that a second pulse does not originate until 
some time beyond f.. The time interval Az, counted from the origin of 
a pulse in the ionization chamber to the time ¢, at which the amplified 


2 The boldface numbers in parentheses refer to the references appended to this paper. 
8 Reference (1), p. 28. Figure 2 and Figs. 3 and 4 that follow are not drawn to any particu- 
lar scale, either indivudally or relative to each other. 
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pulse falls to the discriminator setting V2, is called the resolving time of 
the amplifier and discriminator, and is an important quantity in the 
analysis that follows. No other pulse that originates during that inter- 
val is counted. Another pulse that originates within A, merely extends 
the dead time of the discriminator beyond ¢2. If pulses originate at too 
high a frequency the discriminator may become completely paralyzed. 
On the other hand, when the interval between pulses is large compared 
with A,, amplified pulses that do not exceed V, are not counted, but oc- 
casionally two or more pulses may originate within A, each of which 
when amplified may not exceed V, individually, but the overlapped 
pulses superposed may exceed V; and cause a count. This situation 
is another aspect of ‘‘pile up,” closely related to the problem treated 
herein. 

When the discriminator is triggered at ¢,, Fig. 3, it may deliver to the 
counting device a rectangular pulse that extends to f., Fig. 4, or the 
pulse may be ‘‘clipped’’ as shown by the dotted line. Such pulses or 
impulses do not necessarily represent counts but rather should be re- 
garded as requests made by the discriminator to the counting device to 
count. The counting device itself requires a certain minimum time to 
compiete its operation after it has received a request from the dis- 
criminator, which may be called a resolving time A,. Hence when a re- 
quest has been presented to the counting device, another request made 
within A, cannot be granted, and whether or not the dead time of the 
counting device is extended by requests made with A, is a matter of 
design. 

The height of the pulses delivered by the chamber to the first stage 
of the amplifier, sometimes called the preamplifier, may be exceedingly 
small, of the order of 10-4 volt or less, with a rise time 7}, Fig. 2, around 
10-* sec. or less. Hence the problem of distinguishing these pulses above 
the general level of noise disturbances of various kinds is considerable. 
These noise disturbances may originate either within the system of Fig. 1 
or outside of it. The noise that originates within the system arises from 
the thermal noise of resistors and from the various noises associated with 
electron emission and convection in the vacuum tubes, or from unwanted 
radiation excited within the chamber directly or indirectly by the radi- 
ation under measurement. The principal troubles from thermal and 
vacuum-tube noises arise from the noises that originate in the first stage 
of the amplifier, or the preamplifier, because such noises that originate 
in succeeding stages generally are negligible in comparison with the 
amplified pulse that reaches those stages. However, the noises that 
originate in the first stage are amplified also, so that the problem of 
achieving the largest pulse height at the output of the amplifier in 
comparison with the amplifier noise delivered there involves a study of 
tube selection and operating points in association with the input, cou- 
pling, and output networks of the amplifier so as to generate as little 
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noise as possible and then to pass as little of it as possible without undue 
attenuation of the pulse. This problem has been studied extensively 
and in considerable detail by A. B. Gillespie (2, 3, 4), and by W. W. 
Ramage and R. H. Frazier.‘ Noise that originates outside the system 
may arise from stray electromagnetic fields against which the system 
must be shielded, or from unwanted radiation the particles of which 
penetrate the chamber and perhaps also originate secondary radiations 
within the chamber. This paper presents a study of the influence of 
the pulses that originate from unwanted radiation when they overlap 
so that the amplified resultant pulse height at the discriminator exceeds 
V., Fig. 3, and a spurious count is registered. 


ll. METHOD OF ATTACK 


The problem in mind in association with this analysis was the count- 
ing of pulses initiated by neutron events in the presence of a background 
of smaller pulses initiated by alpha events that might occur with suff- 
cient frequency to overlap or pile up at intervals and give resultant pulses 
at the input to the discriminator high enough to cause spurious counts. 
The origin of alpha events is taken to occur in accordance with Poisson 
distribution in time, which assumption seems to be generally accepted as 
valid. According to such distribution, the probability that ” events 
originate within a short time inverval A is 


_ 
n! 


(1) 


in which vi is the average rate of events taken over a very long time. If 
all pulse heights are alike and A is sufficiently small, the resultant pulse 
height due to pile-up of ” pulses is essentially proportional ton. Then 
if the time interval A is taken essentially equal to the resolving time of 
the amplifier plus discriminator A,, some threshold number of pulses 
n, gives sufficient pile-up that just fails to exceed the discriminator set- 
ting V,; that is, for 


n> nN; (2) 
the discriminator setting V,z is exceeded, and for 
non, (3) 


the discriminator setting is not exceeded, and as indicated on Fig. 3, m; 
is nearly proportional to Vz. This simplified view ignores variation in 
shape and height among the pulses involved, which variation has less 
and less influence as n is increased and A is decreased. 

The probability that n, or fewer events originate within time interval 
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A is 


: : Ne: 


and the probability that more than n, events originate within time inter- 
val A is 


P,=1-P.. (5) 


If time is divided into equal successive intervals A, Fig. 5, the probable 


| 4 | 4 4 4 4 
T T | | T >t 


Fic. 5. Time divided into consecutive equal intervals. 


rate of occurrence of intervals within which more than n; events originate 


1S 
D; P,/A, (6) 


an illustrative plot of which is Fig. 6 (for 7A = 10, which makes com- 
putation easy and plotting to a reasonable scale feasible). Curves for 
other values of 7A have the same form but are compressed or elongated 
along the ; axis. 

This function, P,/A, or the substantial equivalent, sometimes is 
taken as the counting rate for spurious pulses. The interpretation is as 
follows. The probability that exactly » events originate within an 
interval A, Eq. 1, is a maximum for 


n = 7nd, (7) 


and for the conditions of Fig. 6, the maximum probability that exactly 
n, events originate within the time interval A is for m, = 10 which is at 
the maximum slope (point of inflection) of the curve. For lower or 
higher discriminator settings, (lower or higher m,) the probability that 
exactly m, events originate within time interval A is less than for nm, = 
nQ = 10. For example at a discriminator setting corresponding to m, 
= 1, all pulses are passed except those due to a single event within time 
interval A, the probability of which is relatively low. Likewise the prob- 
ability of having only two events within time interval A is relatively low, 
so that elimination of events by discriminator settings corresponding 
to n, small compared with 7A makes little difference in the count. In 
the region of nm, = 7A the counting rate changes rapidly with discrimina- 
tor setting, because as m, is increased through 10 the probability of 
eliminating the influence of intervals within which 8, 9, 10, or 11 events 
originate is relatively high. As the discriminator setting is further 
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increased, corresponding to 2, high compared to 7A, the probability of 
having for example 19 or 20 events originate within time interval A is 
relatively low, so that elimination of those events makes little difference 
in the count; in other words the discriminator voltage V4 then is set so 
high that essentially no pulses due to pile-up can exceed Vz. Evidently, 
according to this argument, the rate of spurious counts can be made as 
small as desirable by indefinite increase of V,, but in the process the rate 
of counts from wanted radiation may be too drastically reduced also. 
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Fic. 6. Plots of D;A and D,A for 7A = 10. 
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Use of P,/A as the counting rate for spurious pulses is a considerable 
oversimplification and involves substantial errors fully evident even 
within the limits of the simplifying assumptions relating to pulse shape 
and height. The counting rate as represented by D; really should be 
interpreted only as a rate of requests presented to the counting device, 
and as a rate of requests only if the intervals A within which more than 
n, events originate are isolated from each other. Furthermore, within 
two adjacent time intervals A within neither of which more thann,events 
originate may be found an equal overlapping time interval A’, Fig. 7, 


Fic. 7. Enlargement of adjacent intervals of Fig. 5 to show overlapping 
of A’ = A interval. 


within which more than m, events originate, depending upon the loca- 
tions of the origins of the events within the two adjacent time intervals 
A, and provided that a total of more than n, events originate within 
them. Pile-up in a time interval A’ may cause a spurious count just 
the same as pile-up in a time interval A, and just as for the time intervals 
A, the rate of occurrence of time intervals A’ within which more than n, 
events originate can be interpreted as a contribution to the rate of re- 
quests only if the intervals are isolated. After the rate of requests has 
been correctly established within the assumptions of the method, the 
counting rate for spurious counts must be determined from a knowledge 
of the manner in which the counting device responds to the requests. 
When time intervals A within each of which more than , events 
originate occur in succession, the discriminator emits only one pulse, 
so that for groups of two or more such time intervals A the discriminator 
requests only one count. A similar situation exists with respect to the 
time intervals A’. The relationships are illustrated schematically by 
Fig. 8a, in which the intervals shown black are time intervals A within 
which more than ; events originate and the intervals shown white are 
time intervals A within which m, or fewer events originate, and an ‘‘x”’ 
at the junction of two of them indicates that they contain an overlapping 
time interval A’, Fig. 7, within which more than n, events originate. 
Hereafter for brevity these three kinds of time intervals are called black, 
white, and gray, respectively. Actually the black and the gray inter- 
vals should be shown with various heights above a certain level corre- 
sponding to m,, and the white intervals should be shown with various 
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heights below or equal to that level, but since the diagram is schematic, 


that complication is omitted. 
If only black and white intervals exist, the inference is that the dis- 
criminator emits a pulse, or issues a request to the counting device for 


a. Black A, gray A’, white A and A’ intervals. 


b. Discriminator output, unclipped, based on (a). 


c. Discriminator output, clipped, based on (a). 


Ded 


d. Scaler output, unextended, based on (0d). 


e. Scaler output, unextended, based on (c). 


+ 


hace 


f. Scaler output, extended, based on (b). 


kaet 
g. Scaler output, extended, based on (c). 
Fic. 8. 


each group of black intervals that is separated from the next group of 
black intervals by at least one white interval. The rate at which these 
black groups probably occur can be readily computed and represents 
the rate of requests in the absence of gray intervals. The location of a 
gray interval with respect to the two white intervals involved cannot be 
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exactly determined. All that can be determined is the probability that 
a gray interval exists. Hence two gray intervals that are consecutive 
(have a white interval in common) may overlap but never can be sep- 
arated by as much as A’ = A. Likewise two gray intervals that are 
not consecutive (do not have a white interval in common) cannot touch 
but must be separated by less than 2kA = 2kA’, in which & is an integer, 
k >0. On the average the overlap or separation of consecutive gray 
intervals should be much less than the separation of nonconsecutive 
gray intervals, so that consecutive gray intervals may be considered to 
be in the same group and nonconsecutive gray intervals may be con- 
sidered to be in different groups. Though admittedly two consecutive 
gray intervals conceivably may be farther apart than two nonconsecu- 
tive gray intervals within the definition of the A’ intervals, nevertheless 
nonconsecutive gray intervals always must involve at least one A’ 
interval within which , or fewer events originate, and some overlap of 
consecutive gray and white A’ intervals merely indicates a crowding of 
events toward one end of the gray interval. Similar crowding of events 
toward one end may happen in a black interval adjacent to a white inter- 
val, but the manner of definition of these intervals makes overlap im- 
possible. Yet if the intervention of a single white A interval is taken as 
adequate to terminate a group of black intervals, from the point of view 
of discriminator response, the intervention of a single white A’ interval 
should be considered adequate to terminate a group of gray intervals 
likewise. Furthermore consecutive gray intervals never can involve a 
white A’ interval even though in the extreme the consecutive gray inter- 
vals may be separated by nearly A’ = A. Hence to be consistent with 
the concept of the response of the discriminator to groups of black inter- 
vals, the inference is that if only gray and white intervals exist, the dis- 
criminator emits a pulse, or issues a request to the counting device for 
each group of gray intervals that is separated from the next group of 
gray intervals by at least one white A’ interval. A white A’ interval is 
indicated by an ‘‘o’’ at the junction of two white A intervals. The rate 
at which these gray groups probably occur can be computed, though 
the procedure is considerably more complicated than the computation 
for the black groups, and represents the rate of requests in the absence 
of black intervals. The total rate of requests is the sum of the rates 
for the black groups and the gray groups, except when black and 
gray groups are merged. A gray interval cannot touch a black interval 
but if the gray interval overlaps a white A interval adjacent to the black 
interval the separation of the gray interval from the black interval 
cannot be as much as A = A’ and a full white interval never can inter- 
vene. Then to be consistent with the concept of discriminator response 
to black or gray intervals, the black and gray groups should be considered 
as merged. In other words at least a full white interval must intervene 
between black and gray groups to render them distinct from the point of 
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view of discriminator response. The correct rate of requests, within the 
assumptions of the method described, therefore is equal to the total rate 
of occurrence of distinct black, gray, and black-gray groups. The 
influence of the merging of black and gray groups upon the rate of re- 
quests can be computed fairly readily from the information contained 
in the analyses of the rate of requests anticipated for the black and the 
gray groups separately. The full results for the rates of request are 
given in Section III of this paper and the supporting analyses are given 
in the full report (5), Appendices A and B. The discriminator output 
pulses corresponding to Fig. 8a are shown schematically in Fig. 80, 
unclipped, and in Fig. 8c, clipped. In deriving these discriminator 
pulses, they are begun or ended at the middle of a white A interval 
when initiated or terminated by a gray interval. The use of P,/A by 
comparison is excessive to the extent that it fails to recognize the fact 
that consecutive intervals in which pile-up occurs are not individually 
identified and translated into separate requests by the discriminator, 
and is deficient to the extent that it fails to allow for the fact that not 
all of the time intervals A = A’ in which more than n, events originate 
are found by investigating only adjacent time intervals A, Fig. 5, but 
that all other possible intervals of length A = A’, Fig. 7, must be in- 
vestigated also. 

In making an estimate of spurious counts, the question of what 
number to assign to A = A’ is somewhat troublesome, because prob- 
ability computations based on Poisson distribution are very sensitive to 
nA and the resolving time A, as defined on Fig. 3 is not invariable. As 
can be readily observed by inspection of Fig. 3, the resolving time A, for 
a fixed chamber-amplifier combination depends on the pulse height and 
shape and on the discriminator setting Vz. For a fixed discriminator 
setting the resolving time changes with pulse height and shape, and for 
given pulse height and shape the resolving time changes with discrimi- 
nator setting. As shown in Figs. 3 and 4, the resolving time is assumed 
not to be affected by time delays within the discriminator the pulse of 
which is cut off at ¢, or earlier. Presumably for pulses that barely ex- 
ceed the discriminator setting, the pulse emitted by the discriminator 
could extend beyond ¢, and extend the amplifier-discriminator resolving 
time beyond A,; that is, when A, as shown on Fig. 3 is small because 
pulse height barely exceeds V,, the interval t. — t; becomes very small 
and time delays within the discriminator may become important. 
However, the problem of principal significance is the determination of 
the likelihood of pile-up of unwanted pulses within a resolving time 
A = A, sufficient to cause spurious counts when A, is the resolving time 
that corresponds to the discriminator setting for average or representa- 
tive pulses from the wanted radiation. This discriminator setting in 
turn depends on the frequency with which spurious counts may occur, 
and on the general noise level from other sources. If the pulse-height 
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discrimination could in effect be accomplished in the 10-* volt region at 
the output of the chamber, the pile-up problem could be controlled 
there, and the RC time constants of the amplifier and the setting of the 
following discriminator could be adjusted to give the best signal-to- 
noise ratio from the point of view of neutron events and tube and thermal 
noises, but in general all of these circumstances are interwoven. Hence 
for use with a particular counting system, or for prediction in connection 
with a proposed counting system under design, a family of rates of 
requests should be computed using a range of A = A, in the vicinity of 
the resolving time A, that is judged to be representative of system 
operation, which presumably is as shown in Figs. 3 and 4; or for design 
purposes the computations should be carried over a substantial range 
of A to survey the possibilities. By machine methods such computations 
can be carried over considerable ranges very readily and very rapidly. 

The estimate of rate of spurious counts is computed from the esti- 
mate of the rate of requests from a knowledge or presumption of the 
manner in which the counting device responds to the requests. As 
indicated in Section I the counting device has a resolving time of its own 
which generally is at least several times the resolving time of the ampli- 
fier plus discriminator. Hence if the discriminator delivers requests 
to the counting device in too rapid succession, some of them are not 
recognized. Various modes of operation of the counting device may be 
conceived. 

The dead time of the counting device may be imagined to be unaf- 
fected or unextended by pulses received from the discriminator during 
the resolving time A., so that another operation can begin as soon 
(practically immediately) after the termination of an operation as the 
counting device is re-energized either by continuation of the discrimi- 
nator pulse or arrival of the next pulse. In other words, once energized, 
the counting device completes an operation in resolving time A, regard- 
less of additional pulses received or not received from the discriminator 
during the interim, and such operations continue consecutively until no 
discriminator pulse is present at the termination of an operation. Such 
operation, based on the unclipped discriminator pulses of Fig. 8d is, 
illustrated in Fig. 8d, and based on the clipped discriminator pulses of 
Fig. 8c is illustrated in Fig. 8e, for A./Ag = 3. The resistered count 
depends upon whether the individual operations are counted, for ex- 
ample 16 in Fig. 8d and 8 in Fig. 8e, or whether only the groups of con- 
secutive operations are counted, 6 and 7, respectively. The analysis of 
these modes of operation is quite complicated, but the results can be 
summarized in readily usable form, as shown in Section IV. The sup- 
porting derivations are given in the full report (5), AppendicesC, D and .E 

Another mode of operation of the counting device, perhaps more 
realistic than the preceding scheme, is developed by imagining that the 
dead time is extended by discriminator pulses that are received during 
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the dead time, so that one operation cannot terminate until an interval 
at least as great as A. occurs between discriminator pulses. In other 
words, the count registered then is equal to the number of intervals be- 
tween discriminator pulses that equal or exceed A,. Such operation, 
based on the unclipped discriminator pulses of Fig. 8d, is illustrated in 
Fig. 8f, and based on the clipped discriminator pulses of Fig. 8c is illus- 
trated in Fig. 8g, likewise for A./A; = 3. These illustrations indicate 
2 and 7 counts, respectively. Analysis of these modes of operation is 
less complicated than analysis of the modes of operation illustrated by 
Fig. 8d and Fig. 8e; the results are summarized also in Section IV. The 
supporting derivations are given in the full report (5), Appendices C, D, 
and E. 

Still other modes of operation of the counting device can be imagined 
and analyzed by methods analogous to the methods used to analyze the 
modes used herein as illustrations. For analysis of existing systems or 
design of new systems, entire families of results for counting rates can 
be readily computed for study by carrying 7, m,, Ag and A, over ranges of 
interest for various modes of system operation. These rates for spuri- 
ous counts can be compared with the expected rates of neutron events 
to see whether or not the situations may be tolerable and as an aid to 
determining conditions required to make the situations tolerable. 
Theoretically a spurious pulse due to pile up of small unwanted pulses 
occasionally may coincide with a wanted pulse, so that the spurious 
pulse then may not give a count. It could, in fact, reduce the count 
by giving a resultant pulse sufficiently prolonged to overlap a succeeding 
wanted pulse, but since for satisfactory counting the frequency of spuri- 
ous counts should be very low compared with the rate of desired counts. 
the chance of such coincidences should be very small. Likewise oc- 
casional overlaps of wanted pulses may occur and reduce the count. 
The probability of such pile-up can be analyzed by methods similar to 
the method used herein for alpha pile-up. 

The general method is not limited to the study of alpha pile-up; it 
can be used for similar study of pile-up of pulses due to gamma radiation 
when the problem is to count pulses initiated by alpha particles in the 
presence of a background of gamma radiation. Also, if other than 
Poisson distribution applies, and the probable number of events that 
originate in a time interval A can be computed, the entire analysis in 
the same form as herein, can be derived on the basis of such probabilities. 


Ill. RATES OF REQUEST—SUMMARY AND DISCUSSION OF RESULTS 


When only black and white intervals exist, the probable number of 
groups of black intervals in a unit of time can be determined by examin- 
ing the interval succeeding each black interval. If the interval is white, 
it must terminate a group of black intervals. Since the probable num- 
ber of black intervals in a unit of time is D; = P,/A, (which as discussed 
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in Section II would be the rate of requests if the discriminator could rec- 
ognize individual black intervals even though consecutive), the probable 
number of times that a black interval is followed by a white interval is 
therefore 


D, = P,P_/A = (8) 


in a unit of time, which is the number of groups of black intervals in a 
unit of time, or the rate of requests in the absence of gray intervals. A 
plot of D,A for a comparison with D;A is shown on Fig. 6 for 7A = 10. 
The D,A curve approaches zero for high , just as the D;A curve ap- 
proaches zero, because P, approaches zero, but the D,A curve theoreti- 
cally has a maximum for 


P, =P_=0.5 (9) 
or 
P,P_ = 0.25, (10) 
since 
P,+P_=1, (11) 


and then approaches some smaller probability for ~, = 0 which for 
Fig. 6 is essentially zero, but for a different 7A may be relatively high, 
as shown on Fig. 9 for iA = 1. Since ; must be integral, the parts of 
the curves of Figs. 6 and 9 that are between the plotted points really 
have no physical significance and the curves serve merely to give assist- 
ance in visualizing rates of requests as functions of discriminator set- 
tings. Hence unless Eq. 9 happens to be satisfied by an integral m,, 
the maxima shown for D, have no physical significance, but as 7A in- 
creases, the chance of the maximum falling near an integral 7, increases. 

When in two adjacent time intervals A, Fig. 7, and m events 
originate, respectively, with the restrictions that 


1<n<nm, (12) 
1 < m < Nt, (13) 

and 
(ne +1) < (1 +m) < 2n,, (14) 


the probability that more than n, events originate in a time interval A’ 
= A that overlaps the adjacent time intervals A, Fig. 7, is 


a=n+m—nyz 1 apts 
Pus? (15) 


which in other words is the probability that the two adjacent white 
intervals contain a gray interval. The (1/2)"*+* appears because the 
two adjacent white intervals are equal and the distribution of events 
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within them is random. The probability that events originate in a 
time interval A is P,, Eq. 1, and the probability that m events originate 
in a time interval A is similarly P,,, so that the probability that a time 
interval A in which n events originate is followed by a time interval A 
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Fic. 9. Plots of DA, D,A, and D’,A for *A = 1. 
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in which m events originate is P,P,,, and the probability that these two 
adjacent intervals contain a A’ = A interval, Fig. 7, in which more than 
n, events originate, in other words, a gray interval, is 


= Pi (16) 


The probabilities P, and P,,, which give the chances that exactly n 
and m events originate respectively in adjacent intervals A, Fig. 7, are 
given by Eq. 1. If more than n, events originate in either of the ad- 
jacent A intervals, an overlapping A’ interval is not of interest; if no 
event originates within either of the adjacent A intervals, or if the sum 
of the number of events and m that originate in the two adjacent inter- 
vals does not exceed ,, more than m, events cannot originate in an over- 
lapping interval A’. 

The total probability that a gray interval exists, P’,, Eq. 16, must 
be evaluated by computing the summation indicated by Eq. 15 for each 
combination of m and m permitted by a chosen m,, or discriminator set- 
ting, with each term of the summation multiplied by the corresponding 
product P,P,,. The details of this procedure perhaps are best indicated 
by means of an array. First, for simplicity of illustration, specific 
numbers are used, for example, if 7, is 4, then m and m may have integral 
values 1 to 4 inclusive, and the possible permutations of these values, 
taken two at a time, are given in the following array: 


1,1 1,2 1,3 1,4 

2,1 22 2,3 2,4 

3,1 3,2 3,3 3,4 

4,1 4,2 4,3 4,4 


In this array, the combinations above the diagonal are not permitted, 
because in each combination the sum is less than m, + 1, in violation of 
Eq. 14. Hence the diagonal may be taken as indicating the discrimina- 
tor setting : if m, is 5, one more row is added on the bottom, and one more 
column is added on the right, and the diagonal moves accordingly, so 
that the numbers now on it then lie above it. In other words, as the 
discriminator setting is raised from the lowest setting, the diagonal may 
be visualized as sweeping from the 1,1 corner in the arrow direction, and 
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making a bigger and bigger square. In terms of Eq. 16 the array may 
be represented : 


P2P3P’s — P2P.P's 


(162) 


P,P P.P2P'5— P.P3P"; PPP's 
In this array, the subscripts on P are the values of m and m, and the sub- 
scripts on P’ are the corresponding sums of mand m. The evaluation of 


the array is the summation of the terms, 


P’, = + P2P3)P’s + (2P2P. + P's 
+ 2P;P,P’; + (16d) 


To compute a numerical result, one needs a tabulation of Eq. 1 versus n 
for the appropriate 7A and a table of integral powers of (1/2). The 
generalized array for any m, and the required tables are given in the 
full report (5), Section III and Appendix B. 

Now since the probable number of time intervals A in which n events 
originate is P,/A in a unit of time, the probable number of gray intervals 
in a unit of time is 


D'; = (17) 


which would be the rate of requests in the absence of black intervals if 
the discriminator could recognize gray intervals even though consecu- 
tive. Furthermore, the probability that two adjacent white intervals 
do not contain a gray interval is 


so that by argument similar to the argument for the groups of black 


intervals, the probable number of times that a gray interval is followed 
by a white A’ interval is 


D’, P’,P’_/A’ P',P’_/A = D’,P’_ (19) 
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in a unit of time, which is the number of gray groups in a unit of time, or 
the rate of requests in the absence of black intervals. A curve of D’,A is 
shown in Fig. 9 in comparison with D,A for 7A = 1, because for iA = 
10, Fig. 6, D’,A is negligible. These curves are of different shape be- 
cause they are different functions of m,, but the D’,A curve has a theo- 
retical maximum also for 


= P’_ =05, (20) 
or 
P’,P’_ = 0.25, (21) 


but practically this situation cannot be achieved physically, because 
P’.4m Cannot exceed (1/2)? or 0.25, corresponding to m, = 1, and at m, 
= 0, P’, = 0. What happens to P’, between nm, = 0 and n, = lisa 
meaningless question. 

The resultant rate of requests is not in general D, + D’,, but is 


D=D,+ D. = (P,P_(P4 + P_P’_) + P*_P’,P’_]/A, (22) 


shown also in Fig. 9 in terms of DA; D, and D, are the portions of D that 
originate with black or gray intervals, respectively. For very small 
P’,, use of Eqs. 5 and 11 shows that D approaches D,, and that for very 
small P,, D approaches D’,. Likewise, for very small P’_, D approaches 
P?,P_/A, which is the number of black groups in a unit of time that are 
separated by single white A intervals, or is the number of isolated white 
A intervals, and for very small P_, D approaches zero. The resultant 
rate of requests D in general is smaller than D, + D’, because groups of 
gray intervals may join groups of black intervals and thus reduce the 
number of distinct groups. The relative importance of the gray groups 
in determining the resulting rate of requests D is a function of the density 
of events, 7A, and the discriminator setting, m,, As indicated by the 
limiting conditions just described, D approaches D’, for low P,, which 
generally means reasonably high discriminator setting, but in that region 
P’, may be large enough that P*_P’,P’_ is a relatively significant term. 
The location of this region is determined also by the density of events 7A. 
Full derivations relating to D,, D’, and D are given in the full report (5), 
Appendix A. 


IV. COUNTING RATES—SUMMARY AND DISCUSSION OF RESULTS 


As indicated in the latter paragraphs of Section II and illustrated in 
Figs. 8d through 8g, the count given by the counting device depends on 
whether the output of the discriminator is unclipped or clipped, and how 
the dead time of the counting device is influenced by requests the count- 
ing device receives during the time interval A, required for completion 
of an operation. When the output of the discriminator is unclipped, it 
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consists of a series of pulses of essentially the same constant height, Fig. 
8d, the durations of which correspond essentially to the durations of the 
groups of black-gray pulses delivered to the discriminator by the pulse 
amplifier. When the output of the discriminator is clipped, it approaches 
a series of impulses each of the same height, Fig. 8c, that are initiated 
by the groups of black-gray pulses delivered to the discriminator by the 
pulse amplifier. For each of these types of discriminator output the 
occurrence of a request within a time interval less than A, subsequent 
to the initiation of a counting operation by a preceding request, may or 
may not be imagined to interfere with the completion of the operation, 
as outlined in Section II. Hence four modes of counting operations are 
illustrated under these assumptions : 


1. Discriminator output unclipped, counter operations completed in 
time A, even though additional requests are made within A,, and con- 
tinuing consecutive operations if discriminator pulse continues beyond 
A.: Fig. 8d. 

2. Discriminator output clipped, counter operations completed in 
time A, even though additional requests are made within A,: Fig. 8e. 

3. Discriminator output unclipped, counter operation once initiated 
not completed until an interval greater than A, occurs between succes- 
sive discriminator output pulses: Fig. 8f. 

4. Discriminator output clipped, counter operations once initiated 
not completed until an interval greater than A. occurs between succes- 
sive requests: Fig. 8g. 


The analyses to derive the counting rates for these four modes of count- 
ing operations involve determination of the distribution of x, x’, z, and 
z’, Figs. 8b and 8c, measured in terms of A, or A’ and the use of certain 
auxiliary probabilities. The derivations are quite lengthy and involved ; 
they are given in the full report (5), Appendices C, D, and E. The 
results are given in Tables I to VI and Figs. 10 to 13. 

The conditions for the counting rate for Mode 1 have two facets: the 
counting rate may correspond to individual operations of the counting 
device even though consecutive, or it may correspond to groups of 
operations of the counting device. These two rates are directly related 
through 


Co, = (P*,P_ + P*_P’_(1 + (23) 


in which C’; and C*; represent, respectively, the counting rates for in- 
dividual operations and for groups of operations. Hence a knowledge 
of either C‘; or C*; permits computation of the other rate through use of 
Eq. 23. Computation of C*; is relatively easy, because the number of 
groups of operations of the counting device in a unit of time is equal to 
the number of spaces between discriminator output pulses, or the sum 
of the numbers of x and x’ intervals, in a unit of time, that are not over- 
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lapped by operations of the counting device, as illustrated by compari- 
son of Figs. 8b and 8d. This rate is equal to D, Eq. 22, if A. does not 
exceed A, in duration, or in other words, if the ratio of resolving times 


ars. (24) 


For larger r, the rate is less than D, because some of the various x and x’ 
intervals that contain fewer than 7 intervals A or A’ may be overlapped 
by operations of the counting device. 

The conditions for the counting rate for Mode 2 also have two facets, 
similar in kind to the two facets for Mode 1 : the counting rate may corre- 
spond to individual operations of the counting device even though con- 
secutive, or it may correspond to groups of operations of the counting 
device. The only circumstance under which operations of the counting 
device may be consecutive is for 


r = kz, (25) 
r = ke’, : (26) 


in which & is an integer. All the clipped discriminator output pulses 
that occur during the operation of the counting device must be regarded 
as lost, whereas those clipped discriminator pulses spaced to satisfy Eq. 
25 or Eq. 26 must be regarded as lost (except the first pulse in a row of 
them) in determining the counting rate for individual operations. For 
Mode 2 the two rates also are directly related, though not quite as simply 
as for Mode 1, through 


or 


Com = Cin(1 — Poe) + — Prez) (27) 
for r integral, and 
Cm, = Cin(1 — Pa) + Cin(1 — Pre) (28) 


for r nonintegral. Here C‘» and C2, represent, respectively, the count- 
ing rates for individual operations that are initiated by black and by 
gray pulses delivered to the discriminator by the pulse amplifier, and 


= D CinP os (29) 


the total counting rate for individual operations; C%, represents the 
counting rate for groups of operations of the counting device, P,, is the 
probability that an individual operation of the counting device initiated 
by a black pulse delivered to the discriminator has a like operation ad- 


ae 
: 
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jacent to it, P., is the probability that an individual operation of the 
counting device initiated by a gray pulse delivered to the discriminator 
has a like operation adjacent to it, P,, is the probability that an indi- 
vidual operation of the counting device initiated by a gray pulse de- 
livered to the discriminator is adjacent to an operation initiated by a 
black pulse delivered to the discriminator, and P,, is the probability that 
an individual operation of the counting device initiated by a black pulse 
delivered to the discriminator is adjacent to an operation initiated by a 
gray pulse delivered to the discriminator; P.. is the probability that a 
discriminator pulse will originate within A, when the counting operation 
is initiated by a discriminator pulse that originates in a black interval, 
and P’.. is the probability that a discriminator pulse will originate within 
A. when the counting operation is initiated by a discriminator pulse that 
originates in a gray interval. Evidently a knowledge of C‘ and C‘:, as 
components of C*, is necessary for computation of C*, from C*, or vice 
versa. The number of individual operations of the counting device in 
a unit of time is equal to the number of clipped discriminator pulses in a 
unit of time reduced by the number of such pulses in a unit of time that 
occur during the operation of the counting device, as illustrated by com- 
parison of Figs. 8c and 8e. This rate is equal to D, Eq. 22, if A. does 
not exceed 2A,, or 

r<2, (30) 


because the minimum possible spacing of the clipped discriminator 
pulses, according to the assumptions the method involves, is 2A,. For 
larger r, the rate is less than D, and the reductions must be made in 
terms of C‘, and C*,, separately, based on the distribution of z and 2’ 
in terms of A or A’ and the probable sequences of z and 2’ intervals. 

The counting rate for Mode 3 is obtained very simply. The count- 
ing device once an operation is started, remains paralyzed until an x or 
x’ interval, Figs. 8b and 8c, longer than A, occurs, as illustrated by com- 
parison of Figs. 8b and 8f. Since the rate at which the sum of x and x’ 
intervals occurs is D, Eq. 22, the counting rate for Mode 3 is equal to 
the rate of requests, D, reduced by the rate of occurrence of x and x’ 
intervals that do not exceed A,, or 


C.=D—- 4+ X’) (31) 
1 
in which X and X’ are the respective rates at which 
x = wdorhda (32) 
and 
x’ = wd’ or hd’ (33) 


occur, as shown in Table I. 


3 
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TABLE I. 
x oF x” X+X’, number/unit time 
A 
2A P_P’_(X+X"), 
3A (P_P'_)?(X +X"), 
wd +X"), 
2.54 
3.54 (P_P’_)?(X+X")1.5 
ha 


Likewise the counting rate for Mode 4 is obtained very simply. The 
counting device, once an operation is started, remains paralyzed until a 
z or 2’ interval, Figs. 8b and 8c, longer than A, occurs, as illustrated by 
comparison of Figs. 8c and 8g. The rate at which the sum of z and 2’ 
intervals occurs also is D, Eq. 22 so that the counting rate for Mode 4 is 
equal to the rate of requests, D, reduced by the rate of occurrence of z 
and 2’ intervals that do not exceed A,, or 


Be (34) 


in which Z and Z’ are the respective rates at which 


z= wdorhda (35) 
and 
2’ = w'A’ or h’A’ (36) 


occur, as shown in Tables II and III. Since adjacent clipped discrimi- 
nator pulses cannot be separated by less than 2A or 24,, z and 2’ cannot 
be less than 2A or 2A’, and reduction of the counting rate below D there- 
fore requires 


2 2 (37) 


With X + X’ available, Table IV can be used to obtain C*,, and 
Eq. 23 then can be used to obtain C*;.. With Z and Z’ available, Tables 
V and VI can be used to obtain P.2, P’.2, Ps, P» and successive 
use of Eqs. 29, 28, and 27 then gives C*, and C%. 

The entire analysis for counting rates has been made in terms of 


af 

x 
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steps of 0.5 in r, and in general the solution that applies at one step con- 
tinues to apply until the next step is reached. Actually, owing to the 
manner in which half intervals have been defined, and to the fact that 
A, itself is not absolutely fixed in a physical situation, these transitions 
probably are not sharp. Ordinarily A. is large compared with Au, so 


TABLE II. 

Z, number/unit time 

24 

(P, 

44 

SA 

64 


2.54 

3.54 

4.54 

5.54 

6.54 


TABLE III. 
Z’, number/unit time 
2a’ (P*_P’, 
3A’ (P?_P’,P’_)?/A=Z'; 
4A’ 2'3— 
SA’ — 
64’ — (P?_P’,P’_)2"4 


2.54’ 

3.54’ 

4.54’ 

5.54’ 

6.54’ 


& 


3.5 
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that r is large compared with 0.5, and differences in counting rate for 
adjacent steps in r should not be great. For small 7, the differences of 
course could be considerable, but in any case the differences depend also 
upon the general proportions of the situation: the average rate of 
events, the discriminator setting, and the resolving time of the ampli- 
fier-discriminator, that determine the various probabilities involved. 
As illustrations, counting rates C; and C, are computed for 7A = 10 
and for 7A = 1, and are compared with D; (or D; + D’;) and D (or 


TABLE IV. 
Group Counting Rate 


D-—(X+X"); D-—(X4+X"); 
1-—Q,-—2P,P?_P’, 1-Q:-Q1.5 
r—0.6 
= 
1-—Q,(1+P_P’_) —Q1.s—Qi.sP_P’- 


r—0.5 


(X+X’) 
1 


1—Q,[1+P_P’_+ 
r—0.5 
= (X+X’) 


1 


(Qi+Q1.5)(1 +P_P’_+(P_P’_)?] 


= (X-X"') 


r—0.5 


D-— (X+X’) 
1 


* r» indicates the general result for 7 integral, 
rp indicates the general result for r nonintegral. 


D,), Figs. 10, 11, 12, and 13. To accomplish the computation of C; and 
C,, the values of P,, P_, P’,, and P’_ already used for computation of 
D, Figs. 6 and 9 are used to compute X + X’ and Z + Z’, as indicated 
in Tables I, II, and III, for use in Eqs. 31 and 34. 

On Figs. 10 and 11, for xA = 10, the top curve, marked D;A, taken 
from Fig. 6, represents the rate of requests only if the amplifier-dis- 
criminator combination can recognize individually each A interval in 
which more than ; events originate, and represents the counting rate 
only if the counting device can recognize each request. The next curve, 


r 

1.5 

2.5 

3 

: 

4 — 

r—0.5 

* 
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marked DA, also taken from Fig. 6, represents the actual rate of requests, 
reduced below D;A because the amplifier-discriminator combination 
cannot recognize separately consecutive intervals in which more than 
n, events originate, and represents the counting rate only if the counting 
device can recognize each request. The remaining curves show the 
reduction in counting rate when the counting device cannot recognize 
all the requests individually. For 7A = 10 the contributions of the A’ 
intervals are negligible, which explains the neglect of D’; in the top 
curve, and the substantial equivalence D = D,. 


TABLE V.—Probabilities Pex and P’,». 

r Pre 

1.5 0 

2 O 

2.5 Z2/Dr 

3 (Z2+Z2.5)/Ds 

3.5 

4 

(Z2/De)* 

5 5)/Dot+ 

1 0 

1.5 0 

2.5 2'2/Dz 

3 

3.5 

4 

(2'2/Dz)* 

5 


On Figs. 12 and 13, for 7A = 1, the contribution of the A’ intervals 
is substantial, and has been included in the top curve, and in the DA 
curve taken from Fig. 9, the interpretations of which are the same as the 
interpretations of the corresponding curves of Figs. 10 and 11 for 7A 
= 10. The remaining curves on Figs. 12 and 13 show the reduction in 
counting rate when the counting device cannot recognize all the requests 
individually. 

Owing to change of scale, the crowding and reduction in counting 
rate in Figs. 10 and 11 (which show considerably greater ranges of D; 
and n, than Figs. 12 and 13) seem much greater than the crowding and 


4 

4 
3 
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reduction in Figs. 12 and 13 caused by inability of the counting device 
to discriminate. Actually the ordinates of Figs. 10 and 11 must be 
multiplied by 4, and the abscissas must be multiplied by 2 to make those 
plots directly comparable with the plots of Figs. 12 and 13. The re- 
duction is greater for C; (discriminator output unclipped) than for C4 
(disciminator output clipped), as should be expected, because when the 
discriminator pulses are clipped, a longer A, is required to merge two 
requests than when pulses are not clipped. 

The portions of the curves of Figs. 10 to 13 between plotted points 
are meaningless. Strictly, the curves probably should be drawn broken 


TABLE VI.—Probabilities Pixs, Prr, and Prez. 


Py and 
2 Z2/D, 
Z'2/Dz 
3 Z3/Dp 
Z'3/Dz 
4 + (Z2/Do)? 
2'4/Dz + (2'2/Dz)* 
5 Z5/Do + (2223 + Z3Z2)/D% + 22.52'2.5/DeD:z 
Z'5/Dz + + + 2'2.5Z2.5/DzDo 
Py» and Po: 
2.5 2Z'2.5/Dz 
Z2.5/Db 
a3 Z'3.5/Dz 
Z3.5/Ds 
4.5 2'4.5/Dz + 2'22'2,5/D% + 


+ 22Z2.5/D% + 


5.5 Z'5.8/Dz + Z'22'3.5/D% + (2'2.5Z3 + + 
+ 22Z3.5/D%, + (Z2.5Z's + Z3.5Z'2)DpDz + Z3Z2,5/D% 


line, because n, cannot be fractional, but smoothing of the curves helps 
somewhat in visualizing the trends. However, when discriminator 
setting actually is made, it is made by voltage, and really corresponds to 
some kind of average m,, owing to differences in chamber pulse heights 
and durations, and hence might be envisioned practically as correspond- 
ing to an intermediate point. 

Similar curves readily can be computed and plotted for C%, C‘,, C%, 
and C%,, though the arithmetic is somewhat more arduous than for C; 
and C,and the conditions perhaps are less realistic. Once programmed, 
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extensive families of counting rates can be obtained very quickly by 
use of acomputer. Just what combination of m,, A., and A, is advan- 
tageous in a particular situation of course depends on what happens to 
the count of wanted pulses as well as on the reduction of count of un- 
wanted pulses. 
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Fic. 10. Plots of D;A, DA and C;A for nA = 10. 
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Fic. 11. Plots of D;A, DA and C,A for 7A = 10. 
V. RESUME 


The probable rate at which pile-up beyond n, events occurs in indi- 
vidual A or A’ intervals is 
D’; = (P, + P’,)/a (38) 


but owing to the fact that the discriminator does not recognize these 
individual black and gray intervals but recognizes only distinct groups 
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: Fic. 12. Plots of (D; + D’;)A, DA, and C;A for 2A = 1. 
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Fic. 13. Plots of (Di + Dj‘), DA, and C,A for RA = $. 
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of them, the rate at which the discriminator emits pulses, or makes re- 
quests of the counting device, is not represented by Eq. 38 but by 


D = D,+ D, = [P.P_(P, + P_P’_) + P*_P’,P’_V/a. (22) 


The probable counting rate given by the counting device is not rep- 
resented by the rate of requests, Eq. 22, because depending upon the 
mode of operation of the device, such as described in Section IV, all 
requests may or may not be recognized. For Mode 1 of operation, the 
counting rate may correspond either to groups of operations or to indi- 
vidual operations of the counting device, and these two counting rates 
are related by 


Co, = (P?,P_ + P?_P’_(1 + (23) 


Likewise for Mode 2 of operation the counting rate may correspond 
either to groups of operations or to individual operations of the count- 
ing device, and these two counting rates are related by 


= Cin(1 — Pr) + Cin(1 — Pez) (27) 
or 
Ce, = C'n(1 — Pa) + — Pre) (28) 


for integral and nonintegral 7, respectively, and in terms of counting 
rates for individual operations initiated by discriminator output pulses 
that originate with black or gray intervals. The total counting rate 
in terms of individual operations of the counting device is 


Ci, = Cty + Cin = Dy — CinPe2 + Dz — er. (29) 


For Mode 3 of operation the counting rate is 


r 


F(X + X) (31) 


1 


and for Mode 4 of operation the counting rate is 
(34) 


The data readily can be organized for producing large families of 
counting rates by means of a computing machine. All rates for request 
and for count revert essentially to P, and P’,, since 


P_=1-—P, (5) 
and 
(18) 
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so that after computation of sets of P, and P’, corresponding to the 
desired ranges of 7A and m,, dispatch of the remaining operations in 
obtaining the counting rates is merely a matter of efficient programming. 
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Raindrop Spectrometer.—Univer- 
sity of Michigan meteorologists are 
particularly pleased with the rain that 
has fallen this year—they’ve in- 
vented a device that measures the 
exact size of raindrops, and are trying 
it out ineach storm. The instrument 
is called a “raindrop spectrometer,” 
and it can record the sizes of drops 
above one hundredth of an inch in 
diameter. 

Its inventor, A. Nelson Dingle, as- 
sociate research meteorologist in the 
University’s Engineering Research In- 
stitute, says the device will mass pro- 
duce much needed information on the 
sizes of the drops which make up our 
rains. 

“Different rains have different char- 
acter,”’ he observes. ‘‘They vary in 
the amount of energy they have for 
eroding or compacting the soil, in 
their efficiency for washing dust par- 
ticles—including radioactive debris— 
out of the atmosphere, and in the way 
they reflect radar waves back to ob- 
servation stations.” 

The last point is of special interest 
to those who use radar to observe rain- 
fall distribution, Dingle says. If the 
radar echoes from storms of different 
drop sizes can be catalogued, then 
meteorologists can measure by radar 
the rains that fall within the range of 
their transmitter. 

“Instruments such as this may give 
rise to a whole new phase of clima- 
tology,” he adds. ‘‘Raindrops can 
be measured above and below cloud 
formations, at different temperatures, 
in different geographical areas, and 
from different types of clouds.’ The 
device also has potential for measuring 
the effectiveness of man’s ‘‘rain-mak- 
ing’’ operations, he thinks. 

The instrument is set up on top of 
the U-M’s East Engineering Building. 


CuRRENT Topics 


(J. 


It consists mainly of two black boxes 
mounted at the ends of two arms. 
One box contains a light source, the 
other a photoelectric cell. As the 
arms whirl around three times every 
second, the photocell ‘‘watches” a 
spot in the light beam. When a rain- 
drop passes through that spot, the 
amount of light seen by the photocell 
tells the size of the drop. Because it 
is spinning so rapidly, the device scans 
a path about six yards around every 
second, thereby observing far more 
drops than it would if the arms stood 
still. In the heaviest rain, the instru- 
ment can record about 50 drops a 
second. 

The unit appears deceptively 
simple. Inside a nearby laboratory, 
however, are located panels of elec- 
tronic instruments needed to make the 
measurements and _ record data. 
After a test, dials show how many 
drops of each size fell in the sampling 
area. By measuring as many as 
180,000 of them an hour, the U-M 
researchers expect to get a valid idea 
as to the distribution of drop sizes. 

It takes a million average cloud 
droplets to form the average raindrop, 
Dingle points out, and meteorologists 
are interested in how nature combines 
millions of billions of droplets into 
billions of raindrops in a single storm. 

In developing the instrument under 
a grant from the Air Force’s Cam- 
bridge Research Center through the 
Engineering Research Institute, Din- 
gle and his associates devised a slender 
“‘hyperdermic needle” which dripped 
drops of the exact size required. This 
was used to test and to calibrate the 
spectrometer. 

With some refinements, the spec- 
trometer should be able to measure 
drops as small as two-thousandths of 
an inch in diameter, Dingle thinks. 
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A NEW ELEMENT 


BY 
THOMAS COULSON 


An addition must be made to the large Periodic Table of the chemical 
elements in the Museum to bring it up to date. The discovery of the 
tenth man-made element has been announced as the result of a research 
effort of an international team of scientists. 

For a number of years we were accustomed to regard the material 
universe as consisting of ninety-two elements, beginning with hydrogen, 
the lightest, and ending with uranium, the heaviest. In addition, na- 
ture had created hundreds of variants, called isotopes, which contain 
the same number of protons in their respective nuclei, but differ in the 
number of neutrons. 

In the course of the earth’s billions of years of existence, four of the 
original ninety-two elements have disappeared as a result of radio-active 
decay. These are technetium, promethium, astatine, and francium. 
The gaps have been filled by new transmutations. The transmutations 
are a modern version of the alchemist’s dream, although it must be 
claimed the methods show a considerable divergence. 

Most of the modern alchemy dates from the year 1940 when the 
first man-made element, neptunium, was created by bombarding uran- 
ium with neutrons fired from a giant cyclotron, transmuting element 92 
into element 93. Neptunium transmuted itself into element 94, pluton- 
ium, the element used in one of the atomic bombs. Once the way had 
been found, it became possible to extend the number of man-made ele- 
ments until we have now arrived at number 102. 

A certain romance surrounds the search to identify many of the 
natural elements, but the discovery of the man-made elements follows 
an entirely different pattern. They are all the result of skillful research 
in which each step is carefully worked out toward a predetermined end. 
After the discovery of neptunium and plutonium, the next four elements 
were discovered in the Radiation Laboratory of the University of Cali- 
fornia, by groups of scientists working under the direction of Professor 
Glenn Seaborg, who was awarded the Nobel prize for the work. Ele- 
ments 99 and 100 were first found in the debris of the atomic explosion at 
Bikini in 1952, and created by less violent methods in the laboratory at 
Arco, Idaho. The scene then reverted to the University of California, 
where element 101 was created by bombarding element 99 with alpha 
particles (nuclei of helium atoms) thereby adding two protons to the 
nucleus of einsteinium. 

The discovery of the latest element which it has been suggested 
should be called nobelium after the Swedish chemist Alfred Nobel, 
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founder of the Nobel prize, has been the result of international co-opera- 
tion between American, Swedish, and British scientists. The new ele- 
ment has been produced by bombarding element 96, curium, with nuclei 
of carbon of mass 13, that is a nucleus containing six protons and seven 
neutrons. The six protons of the carbon were added to the ninety-six 
of curium to create a nucleus of 102 protons. The cyclotron of the 
Nobel Institute was employed. 

Knowledge of atomic structure has arrived at a stage in which pre- 
determined results may be reached with a minimum of experimentation. 
A lapse of only a few days followed before indications were observed 
that the new element had been created. A month later another series 
of experiments confirmed the original findings, and a third series fur- 
nished conclusive proof of the element’s existence. The new element is 
unstable, having a half-life of ten to twelve minutes. 

While the Periodic Table in the Museum shows that the greater por- 
tion of the chemical elements have useful applications, only one of the 
man-made elements, plutonium, has industrial potentialities. It has 
vast potentialities as a nuclear fuel for the production of power as well 
as for radio-active isotopes for use in medicine, industry, and agriculture. 
The other synthetic elements are produced in only small quantities and 
no practical use for them can be foreseen. Apart from the understand- 
ing of the forces operating in the material universe to which these man- 
made elements contribute, they may yet be of high practical value in 
providing a better knowledge of the common natural elements. 


« 
. 
- 
4 
mt 


THE BIOCHEMICAL RESEARCH FOUNDATION 
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Seminar on Uses of Time-lapse Cinematography in the Study of 
Cellular Activities and Growth Phenomena.—Dnr. T. C. Hsu of M. D. 
Anderson Hospital and Tumor Institute, Houston, Texas, addressed the 
Seminar of the Biochemical Research Foundation on Monday, June 
seventeenth. 

Dr. Hsu made the following remarks as a commentary on his time- 
lapse film. 


For years we have been taking pictures of cells in tissue culture with 
phase contrast microscopy and time-lapse cinematography. We are 
able to observe many cellular activities which we ordinarily cannot vis- 
ualize because we are so used to seeing fixed cells and many of our 
concepts are built up from such static pictures. For instance, we think 
of chromosome division in mitosis as starting from the equatorial plate 
of late metaphase with the homologous chromosomes moving toward 
opposite poles during anaphase. However, occasionally in certain cells 
the two groups of chromosomes at the poles may move together again 
toward the center of the cell and there they may combine to form a 
single nucleus. Had we examined such cells in fixed preparations we 
would not have been able to differentiate the two types of movements. 
The use of time-lapse cinematography thus allows us to see the dynamics 
of the cell as well as cellular components. 

The first time-lapse film is a very recent one showing the germination 
and early growth period of the mold Neurospora crassa. This mold is 
very widely used by both geneticists and biochemists in the study of 
biochemical genetics and metabolism. 

An analysis of the film reveals that there is a definite relationship 
between the size of conidiospores and the time required for germination, 
namely, the larger spores germinate faster than the smaller ones. The 
ascospores may germinate from both ends or one end only. The first 
appearance of the protoplasm from ascospores is invariably in the form 
of asphere. The mycelium then grows out in several directions and 
forms branches later. We could analyze the growth-rate by projecting 
the frames, measuring the mycelial length or area, and computing the 
time required for each interval by the number of frames. This can be 
done with various kinds of media and other environmental factors to de- 
termine quantitatively and microscopically the effects of environment 
on growth. 

The protoplasmic streaming can easily be seen. The mycelium is 
divided by numerous septa which contain holes through which the proto- 
plasm can pass. Vacuoles in the protoplasm can be seen squeezing 
through the hole in the septum. 
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The mycelium tips from a number of different spores can fuse to 
form a continuous system. The protoplasm from two different organ- 
isms would then be mixed. In such a common protoplasm, many types 
of mutations would be difficult to detect. Apparently there is some 
kind of attraction between the mycelia that causes them to grow toward 
each other and fuse. The mitochondria are usually short, but in some 
mutant strains they may be long and filamentous in form. 

This part of the film shows a strain of Neurospora which produces 
colonies. This is due to a gene which causes the mycelia to grow in a 
curved manner instead of a straight line and that is why the colony 
doesn’t spread out very far but forms a small roundish colony. How- 
ever, there are also many agents which when added to the medium will 
cause the wild type Neurospora to grow in the form of colonies. One 
such chemical is 1-sorbose. With this treatment the tips of the mycelia 
burst allowing the protoplasm to flow out and the tip dies, resulting in 
no further growth at that point. Another mycelium is then produced 
at some region back of the dead tip_but this new mycelium tip, after a 
short-lived initial growth, also bursts and dies. This happens to all new 
growth and therefore this spacial limitation results in a colony. 

While colonies result from the action of both the colonial gene and 
the 1-sorbose, the manner in which they are produced is qiite dissimilar. 

The remaining two time-lapse films depict such phenomena in tissue 
culture as cell movement, normal and abnormal mitoses, rotating nuclei 
and movement of the mitochondria. (Summarized by Irving Galinsky.) 
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THE SHOCK TUBE—JUST A PIECE OF PIPE 


BY 
GEORGE PETER WACHTELL * 


A shock tube is one of the most versatile tools in the modern phys- 
icist’s or chemist’s kit for the accurate measurement of fast phenomena. 
Shock tubes have been used to measure how quickly heat can flow from 
one mode of motion (‘‘translational’’) to another (“‘vibrational’’) in gas 
molecules. They have been used to calibrate fast pressure gages, to 
study boundary layers in supersonic flow, and to simulate the effect of 
blast waves on structures. They have been used to study the interac- 
tion between magnetic fields and electrically conducting gases in rapid 
motion. They have been used to generate extremely high temperature 
and to examine fast chemical reactions. 

To build a shock tube, all one needs to begin with is a piece of pipe. 
The shock tube put together in the Laboratories for use on some chemi- 
cal studies for Army Ordnance is a pipe 33 ft. long divided into two sec- 
tions (see Fig. 1). The “driver” section, 22 ft. long, contains the 
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“driver” gas (usually helium in our experiments) under pressure, and is 
separated from the “‘experimental’’ section by a cellophane diaphragm. 
The experimental section contains the experimental gas at reduced pres- 
sure. When the cellophane is torn by an electrically operated plunger, 
there is no longer anything to support the large pressure difference 
between the two gases. As a result, a shock wave moves at supersonic 
speed into the experimental gas, heating it, compressing it, and setting 
it into motion. When the shock wave strikes the closed end of the ex- 


* Senior Research Physicist, Chemical Kinetics and Spectroscopy Section. Work carried 
out on Contract DAI-36-034-501-ORD (P)-40, Department of the Army. 
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perimental section, it is reflected as another shock wave which further 
heats and compresses the experimental gas and brings it to rest. 

The shock wave may be crudely visualized by imagining a wall of 
water advancing over the countryside after the sudden bursting of a 
dam. The depth of the moving water corresponds to the gas pressure 
after the shock wave has passed. If the water collides with a steep 
mountain, it will be brought suddenly to rest. The moving water be- 
hind it will ‘‘pile up” and the result will be water at rest but deeper than 
it was before, and another wall of water moving away from the moun- 
tain. Despite the cataclysmic analogy, however, the shock tube is 
almost completely silent in operation. The only sound is the click of 
the plunger that tears the cellophane. 


The shock tube at The Franklin Institute (see Fig. 2) has been used 
to measure the temperature and pressure at which certain combustible 
gas mixtures will ignite, and the “ignition lag’’ between reflection of the 
shock wave and the onset of visible flame. The temperature and pres- 
sure generated by the reflected shock wave have to be calculated from 
data which include the speed of the first shock wave. This speed is 
found by measuring the time between the instant when the shock wave 
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passes a light beam and the instant when it strikes the end of the tube. 
Ignition is observed by means of a photomultiplier. Because of this 
use of optical devices, the last four-foot portion of the experimental 
section is made of Pyrex glass. 

To record the data requires two oscilloscopes, two cameras, and a 
multitude of special electronic circuits. Preparation of an experiment 
requires a vacuum pump, a flask for mixing the experimental gases, and 
a maze of valves and tubing. Although the shock tube is just a piece 
of pipe to begin with, the complexity of the auxiliary equipment may 
lead one to suspect that perhaps it is the shock tube that should be re- 
garded as “auxiliary.” 
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INTRODUCTION TO MATHEMATICAL LOGIC. 
VoL. I, by Alonzo Church. 376 pages, 
6X9 in. Princeton, Princeton University 
Press, 1956. Price, $7.50. 


There are three main objectives which a 
review of such a book as this may strive to 
reach. In the first place, a review should in- 
form a reader who has not seen the book as to 
its general nature and contents, so that hemay 
decide whether to read or to buy it. In the 
second place, it may try to help those who 
do read the book to derive greater benefit from 
the experience. In the third place, it is the 
duty of a reviewer to suggest improvements 
and to point out the inadequacies, so that 
later workers may be deterred—if that is pos- 
sible—from mimicking the faults of the book 
while doing justifiable homage to its virtues. 
The present reviewer is attentive to all three 
of these aims; and the reader, should he wish 
to make value judgments on the basis of 
what is written here, is cautioned to bear this 
in mind. 

It is necessary to begin with a few words 
about the author; for this is one of those 
cases in which it is important to understand 
the author if one is to understand his book. 
He is one of the world’s best-known logicians. 
For over twenty years he has been one of the 
editors of the Journal of Symbolic Logic— 
indeed he may well be regarded as the founder 
of that journal, and, at least in the initial 
stages, the principal determiner of its policies. 
This Journal has become internationally 
famous; and the review section, for which he 
is particularly responsible, especially so. In 
the first volume of the Journal he published 
a “Bibliography of Symbolic Logic” which is 
one of the most comprehensive ever published 
for a mathematical subject. He has made 
important contributions to mathematical 
logic; and some of his former students are 
now leaders in that field. By nature he is 
phlegmatic and methodical; his work is char- 
acterized by meticulous precision, indeed his 
capacity for attention to minute detail is 
phenomenal ; and his knowledge of the litera- 
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ture of mathematical logic probably exceeds 
that of any living person. 

Under these circumstances it is natural that 
the book should be a work of scholarship. 
This is indeed a book for those who want a full 
treatment, with adequate attention to the 
nicest of technicalities. Readers who want 
a quick summary of the main ideas, with a 
minimum of detail, should look elsewhere. 
The preface states, to be sure, that the work 
is intended as a textbook for a beginning 
course in mathematical logic for students 
with “some substantial mathematical back- 
ground.” However, such students would 
probably derive greater benefit if they read 
some more elementary book on the subject 
first. The reason for this is not that the 
book is not clearly written—quite the con- 
trary—but the order of presentation and 
amount of detail are not well suited for begin- 
ners, 

As a work of scholarship, however, it is a 
magnificent achievement. No one who as- 
pires to become a master of mathematical 
logic can afford to ignore it. Not only does 
it contain a great deal of information not 
easily available anywhere else, but it is also 
valuable for its expository material and criti- 
calcomment. The major results of the parts 
of logic treated are presented in masterly fash- 
ion. There are extensive lists of exercises: 
some of these are straightforward illustra- 
tions for practice; but a large number of them 
are results, supplementing the text, taken 
from the published literature—in one case the 
student is asked to prove Gentzen’s ‘‘Haupt- 
satz,’’ the proof of which occupied 14 pages in 
the original paper! For the expert, one of 
the most valuable features is the wealth of 
historical comment. The numerous critical 
remarks are, of course, from the author’s 
point of view, which not everyone will agree 
with; but whether one agrees with them or 
not, they are worth thinking about. The 
work, like every human document, has certain 
faults; but by and large this book will doubt- 
less become one of the classics of the logical 
literature. 
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The book is the first volume of a projected 
two-volume work. It deals with various 
forms of the propositional calculus and of the 
predicate calculus of first-order (which the 
author insists on calling the “functional calcu- 
lus”), and of the calculus of second-order; 
also, in the introduction, it discusses various 
general principles of formalization, symbolic 
usage etc. It is an amplification of a mono- 
graph of the same title which the Princeton 
University Press published in 1944. The 
amplification is considerable, because the 
earlier work had 118 pages reproduced by 
photo offset, whereas the present work has 
376 pages of letterpress printing; but passages 
from the earlier work have been reproduced 
verbatim. It was a long time in process; 
although the copyright date is 1956, the pref- 
ace is dated 1951. The meticulousness of 
the author is shown by the fact that only in 
a small number of footnotes marked ‘‘added 
in proof’’ is there any evidence that the work 
has been influenced by events since 1951; so 
that the book had somewhat the appearance 
of being out of date when it first came off the 
press. One cannot help noticing that there 
are many more references, in proportion, to 
work done in the 1930’s and 1940’s than to 
that done in the 1950’s. 

The book consists of the main text, the 
exercises, and 590 footnotes numbered serially 
throughout the entire volume. The exer- 
cises, in the aggregate, comprise some 70 
pages, and the footnotes probably about the 
same. These two sorts of supplementary 
material add a great deal to the value of the 
book. One wonders, however, why the author 
did not devise some system of numbering the 
footnotes section-wise, as he did for the theo- 
rems and exercises; and whether such a device 
would not have brought the book out sooner. 

It is now necessary to point out certain de- 
fects of the book, and to indicate ways in 
which it seems to be biased. 

There is no treatment of the algebraic ap- 
proach to logic, and only incidental mention, 
in the exercises and historical remarks, of the 
constructive or intuitionistic systems. Now 
many of the properties of logical calculuses 
are common to a variety of essentially differ- 
ent ones, and one could follow the practice of 
modern algebra in recognizing systems (or, if 
one will, language-types) of intermediate 
grade, like rings and integral domains. Thus 
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one could develop the properties which in- 
tuitionistic and classical systems have in com- 
mon first, and then, since one is interested 
in the latter, one could introduce the more 
special assumptions of the classical case at a 
later stage. The author suggests doing this 
in the exercises. The contention made here, 
however, is that it should be done in the 
main text, whereas the derivation of the 
rules of the resulting system from the basis of 
the text should be relegated to the exercises; 
the reason is that there are significant appli- 
cations of the intuitionistic systems in, for 
example, the domain of recursive functions. 
But the reviewer would go even further, and 
organize the treatment into various levels of 
generality. Thus the principle of duality and 
the “substitutivity of equivalence’—an ar- 
chaic term, which ignores completely the 
distinction proposed by Carnap between sub- 
stitution and replacement—are properties of 
systems of very general type. 

A related criticism is that the inferential 
rules of Gentzen are rather slightingly treated. 
The reviewer believes that it would be advan- 
tageous to make more extensive use of them. 

The author’s use of the terms ‘‘semantical”’ 
and ‘‘syntactical’’ seems to the reviewer, and 
to some of his friends, rather strange. The 
reviewer has argued elsewhere that these 
terms are vague, and that they overlap with 
one another. Consequently, it is under- 
standable that the author should interpret 
them in a singular way; the reader should 
make allowance for that usage. 

Again the references to the literature are 
primarily concerned with the origins of ideas— 
with assigning credit where credit is due. 
But there is another consideration in making 
references, viz. helping the reader to find facts. 
Original sources are not always the best 
places to consult for subject-matter informa- 
tion. Now the references to sources are 
valuable, especially for the expert. However, 
when the original source is inaccessible, or 
differs markedly from modern notation, or 
is otherwise unsuitable for current consulta- 
tion, it would help certain readers to give ref- 
erences to secondary sources or expository 
material. The author does this in a few 
cases, but the reviewer noticed the lack in 
some cases with which he is familiar, and 
wonders whether there may not be others. It 
may even be that this preoccupation with 
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sources distorts the history, so that there may 
be a germ of truth in the remark of a friend 
that the author is more of an archaeologist 
than a historian. 

Again, the book would be more useful for 
references if the source of the exercises were 
stated at the point where the exercise occurs. 
This is now done with a few exercises; but in 
other cases one has to search for the reference 
in the historical notes several pages further on. 

The author’s continuance of the word ‘‘dis- 
junction,” in spite of the fact that disjointness 
is no longer associated with it, is unfortunate. 
To be sure the word is sanctioned by habit, 
but a proposal to change that habit has been 
make and deserves support. 

Finally the reviewer wishes to protest 
against a certain affectation in the author’s 
language. Two cases are singled out for com- 
ment. These two are “calculi” for ‘‘calcu- 
luses” and “singulary”’ for “unary.” 

In regard to the first, the Latin word ‘‘cal- 
culus” means a small stone or pebble. When 
it is used in English in that sense, as it is in 
medicine, it is quite proper that its plural be 
formed according to the rules of Latin gram- 
mar. Its mathematical use is derived from 
this by metonymy; and although there seems 
to have been, even in Cicero, a transition 
stage, its modern use has departed so much 
from the primitive meaning that we are no 
longer conscious of any connection with 
“‘calx."’ Moreover, in this modern use there 
was no need of a plural for a long time. Un- 
der these circumstances the insistence on 
“calculi” seems pedantic; and along with 
“formulae,” ‘“lemmata,’’ “schemata” it 
should be banished as an unnecessary archa- 
ism. 

In regard to “‘singulary” the author says 
that he follows Quine “in adopting this etymo- 
logically more correct term, rather than the 
presently commoner ‘unary.’’’ Now this 
preference for “singulary”’ seems ill-founded, 
for the following reasons. In the Indo- 
European languages there are two roots for 
“one.” From the first root are derived Greek 
olvés; Latin “‘unus’”’; Russian “odin”; German 
“ein’’; English “‘one.’’ From the other root 
we have Greek cis, ula, &; Latin ‘“semel,” 
“simplex”; Russian ‘‘sam’’; German ‘(zu)- 
sam(men)’’; English “‘same”, ‘“‘some.”’ Clas- 
sical Latin formed “‘singularis” from the first 
of these roots; and post-classical Latin formed 
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“singularius."" The latter seems to have been 
merely a variant of “‘singularis’’; and the com- 
mon etymological descendent of both of them 
is not “singulary,’”’ but “singular.” The 
latter word, however, developed semantically 
in a singular way, so that it was not felt 
as parallel with “binary,” “ternary,”’ etc. 
When the need arose for a new word, it was 
natural to form “unarius,” especially since, 
as a prefix, “un-,” “uni-” was parallel to “bi-” 
even in classical Latin. An obscure reference, 
found at Louvain, indicates it was so used by 
Valerius Probus in 1478. It therefore seems 
plausible that it has been in use—restricted, 
to be sure—for five centuries. If so, it has a 
better etymological justification than “‘singu- 
lary.” But even if one does not agree with 
this, etymology is not the only criterion of 
usage. Do Church and Quine, when they 
wish to ride in a certain type of four-wheeled 
vehicle, insist on calling the contraption an 
“autokinetic,” preferring this etymologically 
more correct term to the presently commoner 
“automobile”? The use of “singulary’’ is 
again a bit of pedantry which ought not to be 
carried further. 

These criticisms do not affect the judgment 
that this book is of outstanding value. Let 
us hope that it will exert a great influence in 
the future; but it ought not to be followed 
blindly. 

HasKELL B. Curry 
The Pennsylvania State University 


MATHEMATICS AND COMPUTERS, by George R. 
Stibitz and Jules A. Larrivee. 228 pages, 
illustrations, 6X9 in. New York, 
McGraw-Hill Book Co., Inc., 1957. Price, 
$5.00. 


The brief title Mathematics and Computers 
aptly describes the subject matter of this 
book. To be somewhat less brief, ‘Applied 
Mathematics and Automatic Computers” 
would be more precise. Computers of both 
the analog and digital varieties are treated, 
with emphasis on the nature of the types 
rather than on specific machines. 

The reader will breeze through the first 
chapter hardly realizing he has encountered 
many terms of the mathematician’s trade, 
such as rational and irrational numbers, trans- 
cendental numbers, real and complex num- 
bers, function, root, limit, integral, derivative 


. 

4 


Sept., 1957.] 


and differential equation. Each is men- 
tioned only briefly and in a loose informal 
manner. The need for applied mathematics 
is then developed; and the authors, mathe- 
maticians of stature, let the outside world in 
on a bit of family history concerning the dif- 
ferences in the points of view of the pure and 
applied members—a skeleton usually kept 
hidden in the family closet, though well- 
known to all mathematicians and engineers. 
This all leads up to how computation fits into 
the over-all picture and what gives rise to the 
need for it. 

Types of problems for computers and their 
origins precede a discussion on the history of 
the devices themselves. The methods ap- 
plied are treated in a chapter on numerical 
analysis which is a subject by means of which 
the mathematical problem is broken down 
into fundamental operations. The digital 
computer components which perform these 
operations are explained and unity is achieved 
by tying these together with an ensuing chap- 
ter on logical design. At that point material 
is inserted on analog computers and simula- 
tors, after which Drs. Stibitz and Larrivee 
discuss ‘Computing with Random Numbers,”’ 
“Computer Errors” and wind up with “‘Com- 
puters at Work.” 

Most of the chapters are followed by several 
“Suggested Reading” references, and a se- 
lected bibliography is included as an appen- 
dix. A further bibliography classified accord- 
ing to field of computer application concludes 
the appendices. 

The authors have intimate knowledge of the 
subject matter treated. Dr. Stibitz is a 
former member of the staff of the Bell Tele- 
phone Laboratories and conceived the basic 
idea of using telephone switching equipment 
for computing purposes long before the advent 
of the present large-scale devices. He serves 
at present as a consultant in applied mathe- 
matics. Professor Larrivee has been active 
in the field of applied mathematics for over 
20 years. Their book is not a detailed text 
for the computer expert, but rather a book for 
the layman or mathematician or engineer 
with no knowledge of computers who wants a 
more realistic picture of this relatively new 
and fast-growing field than he can find in the 
popular press. 

DonaLp B. HouGHTon 
The Franklin Institute Laboratories 
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TRANSISTOR CIRCUIT ENGINEERING, edited 
by Richard F. Shea. 468 pages, diagrams, 
6 X9in. New York, John Wiley & Sons, 
Inc., 1957. Price, $12.00. 


During the brief history of the transistor 
several notable textbooks on transistor cir- 
cuits have made their appearance. All of 
these have been produced with the aid of or- 
ganized author teams. ‘The first of these was 
published in 1953 under the editorship of 
Richard Shea who was also a co-author. The 
other authors were also members of the staff 
of the General Electric Company. The next 
comprehensive book on transistor circuits was 
produced by a group at RCA in 1955. In 
that same year Shea wrote a book of his own 
on transistor audio amplifiers. Now an- 
other group of G.E. authors under the leader- 
ship of Richard Shea has assembled the 
latest circuit theory and practice in this ex- 
tremely important new text. 

The eight co-authors who have collaborated 
with the editor to produce this volume are all 
specialists in some branch of transistor ap- 
plications, high frequency circuits, oscillators, 
power transistors, et cetera. Through their 
published papers all are known to engineers 
in the field. We therefore have a text repre- 
senting the latest circuit developments of 
recognized authorities practicing in this type 
of work. 

Exploiting the current popularity of the 
transistor, a number of books have appeared 
containing collections of previously published 
papers and data simply paraphrased and re- 
drawn. Such books are less of a contribution 
since they do not have the authoritative 
strength imparted by authors with whom the 
material is mostly original. The methods of 
circuit analysis presented in the chapters of 
the new book are largely those developed and 
used in the daily work of the authors. This 
is further attested by the clarity and sim- 
plicity of the text. 

The coverage of this book is not restricted 
to communications, computers, control cir- 
cuits or any particular engineering specialty. 
On the contrary, anyone in a position to 
utilize transistors in any circuit application 
will find useful analytical methods described. 
These methods tend to be symbolic rather 
than graphical. This approach, however, 
seems to have so far met with the preference 
of most engineers in the field. 
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One who was originally trained in the use of 
vacuum tubes and the design methods applied 
to tube circuits will not fail to be impressed 
with the greater complexity of transistor be- 
havior. Richard Shea and his co-authors rec- 
ognize this fact and attempt to show that 
certain practical simplifications can be made 
without compromising the analytical methods. 
The success which has already been achieved 
in practical apparatus using transistors also 
shows that circuit design with semiconductor 
devices is not hopeless. 

Omission of any discussion of transistor 
physics has saved much needed space in this 
volume for its important task of circuit engi- 
neering. There are already numerous ade- 
quate texts on the theory of transistor action 
in semiconductor systems, and much is gained 
by this omission. 

Naturally this book is highly recommended 
for all working with transistor circuits. To 
those engineers who must re-educate them- 
selves in the transition from tubes to trans- 
sistors, the book can also serve as an excellent 
self-teacher. Good chapter bibliographies 
and problems as well as a few worked-out nu- 
merical examples in the text make it equally 
appropriate for college EE courses. 

C. W. HARGENS 
The Franklin Institute Laboratories 


A History oF LUMINESCENCE, by E. Newton 
Harvey. 692 pages, 6 X 9 in. Philadel- 
phia, The American Philosophical Society, 
1957. Price, $6.00. 


The importance of luminescence at the 
present time stems from the fact that it is fast 
becoming the universal method of illumina- 
tion, and because of its adoption for the tele- 
vision screen. In the recent past it has 
played a significant role in the discovery of 
X-rays, electrons, and radioactivity. Hither- 
to, there has been no adequate treatment of 
the historical aspects of the subject, showing 
how our knowledge has developed. Professor 
Harvey's work fills a conspicuous gap in the 
history of heat and light, and fills it admirably. 

As the jacket on the book reminds us, in- 
candescence has been the universal method of 
practical illumination for centuries. Incan- 
descence is produced by heat, contrary to lu- 
minescence, which is “‘cold”’ light, such as we 
see in the glow of phosphorus and certain 
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solids when exposed to sunlight or various 
forms of radiation, the bioluminescence of 
many living organisms, the fungus light of 
decaying vegetable matter, and the bacterial 
light of dead flesh and fish. Although lu- 
minescence did not find any practical applica- 
tions until very recently, it was by no means 
a neglected study, as this book shows. 

The volume, a substantial one, deals with 
the history of the subject down to the end of 
the nineteenth century. It is divided into 
three parts. Part I deals with the increasing 
knowledge of the subject, part 2 treats with 
the luminescence of non-living matter, and 
part 3 deals with the luminescence of living 
organisms. The author presents the views of 
scientists through the ages in their own words, 
like a source book. This method has much to 
commend it for it is only by such means that 
the reader is given a conception of the con- 
temporary beliefs, not only upon lumines- 
cence, but also upon heat and light in general. 

The reader will be surprised to learn how 
prominently the problem of luminescence fig- 
ured in the speculation and investigations of 
physicists as they strove to furnish satisfac- 
tory theories on heat and light. The author, 
a former professor of biology at Princeton 
University, has devoted almost forty-five 
years to the study of his subject, and he does 
not appear to have overlooked any of the 
original sources of information. A 68-page 
bibliography furnishes conclusive proof, if any 
were needed, of his persistent search for ma- 
terial, and he has exercised a wise judgment 
in the selection of quotations. The original 
comments introduced to provide a well-knit 
history are scholarly and illuminating. 

Nothing but unstinted praise can be offered 
for a work so thorough and so comprehensive. 
It should be read by every student of heat 
and light who has the least curiosity to learn 
how our present concept of luminescence has 
been formed. 

T. CouLson 
The Franklin Institute Museum 


LiGHt SCATTERING BY SMALL PARTICLES, by 
H. C. van de Hulst. 470 pages, diagrams, 
6X9 in. New York, John Wiley and 
Sons, Inc.; London, Chapman and Hall, 
Ltd.; 1957. Price, $12.00. 


In much the same manner as particle scat- 
tering is used in nuclear physics to measure 
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properties of nuclear matter, the scattering of 
light may be used to answer questions regard- 
ing the size, shape, and internal light propaga- 
tion properties of larger pieces of matter. 
The interest in light scattering stems from 
its many applications in physical chemistry, 
meteorology, and astronomy. As in all appli- 
cations, a well developed theory is essential. 

Fortunately in the theory of light scattering 
the chief problem of interest, the scattering of 
electromagnetic radiation from a homogene- 
ous sphere, has been solved exactly. How- 
ever, inasmuch as the parameters vary by a 
factor of about 10,000 over the range of in- 
terest, the computational problem is enor- 
mous. It is essential to have various approxi- 
mate means of handling the scattering prob- 
lem. These approximation schemes range 
between geometrical optics on the one hand, 
where the wave propagation effects appear as 
small deviations from rectilinear propagation, 
to Rayleigh scattering on the other hand 
where no geometrical effects remain. 

Dr. van de Hulst’s book provides a critical 
review of the entire field of light scattering 
theory and technique insofar as the processes 
of light scattering in large scale agglomera- 
tions of matter are simply connected with 
those processes in the individual particle. 
The omission of multiple scattering processes 
and coherent scattering by many particles 
permits the author to present an exhaustive 
review of the single scattering process. 

The first part of the book, ‘Basic Scattering 
Theory,” provides the formalism or frame- 
work necessary to the description of the 
scattering of light from a medium consisting 
of a collection of arbitrary shaped pieces of 
dielectric. From the viewpoint of this book 
the various terms, diffraction, reflection, re- 
fraction, and surface waves, are considered to 
be aspects of the general scattering problem. 

The second section, ‘Special Types of 
Particles,” comprises the largest part of the 
book. It is devoted to a discussion of the 
rigorous electromagnetic scattering theory for 
spheres (Mie solution) together with the 
various approximations that are useful in 
practice such as Rayleigh scattering; the 
small phase shift approximation variously 
called the Born approximation or the Ray- 
leigh-Gans approximation; the multipole ex- 
pansion into electric dipole, magnetic dipole, 


Book REVIEWS 


249 


electric quadrupole, etc. (optical resonance 
region); the perfect reflection approximation, 
and the geometrical optics approximation. 

In general the mathematical arguments are 
schematic and detailed derivations do not 
impede the flow of ideas. A complete list of 
references is to be found in each chapter so 
that full details may be found if needed. 
Generally, all the important results are given 
so that, unless one is interested in a specific 
mathematical detail, the discussions are quite 
complete. 

This reviewer feels that the rigorous solu- 
tion (Mie solution) has not been formulated 
with all the clarity that is possible had greater 
use been made of the concept of logarithmic 
derivative. Although the first use of this 
concept was in the field of electromagnetic 
wave scattering, the clearest formulation of 
the logarithmic derivative appears in the 
corresponding scattering problems of acous- 
tics and neutron physics. In particular the 
author has overlooked completely the con- 
nection between the scattering phase shift and 
the corresponding logarithmic derivative. 

The third part of the book, “‘Applications,” 
deals with the areas to which the theory of 
light scattering has direct application. The 
discussion pertaining to each specific tech- 
nique is cross-referenced to the theory section, 
thus permitting the experimenter to find most 
easily the section of the theory of direct in- 
terest. The areas of application include 
physical chemistry, although this topic is not 
covered fully since the author has limited his 
topics to those in which the single scattering 
effect is predominant. Other areas in which 
the light scattering technique is reviewed in- 
clude meteorology and astronomy. 

Taken as a whole the book by van de Hulst 
is a scholarly effort with well over 400 refer- 
ences, 46 tables, 59 graphs, and 44 illustra- 
tions. The manifold aspects of the theory 
are treated with pedagogical skill, thus per- 
mitting a student to become absorbed in this 
most interesting field. Certainly the book is 
a must for researchers using the techniques 
of light scattering since it provides a critical 
review of all of the important work in this 
field. 


S. C. SNowpDOoN 
Bartol Research Foundation 
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DISCOVERY OF THE UNIVERSE, by G. de 
Vaucouleurs. 328 pages, plates, 54 X 8} 
in. New York, The Macmillan Co., 1957. 
Price, $6.00. 


Gerard de Vaucouleurs is a young, brilliant 
French astronomer whose fame and reputa- 
tion are international. He is the author of 
an authoritative book “Physics of the Planet 
Mars,” the ranking work on this planet. 

However, in “Discovery of the Universe” 
he does not match his previous performance. 
Perhaps the reason for this is the tremendous 
scope of his subject matter. In a book of 
slightly more than 300 pages the author at- 
tempts to portray a history of astronomy 
from its origin, going back perhaps 6000 
years, to the present day. In doing this he 
has expertly trimmed the subject matter and 
has skeletonized broad facets of the field. 
Despite this heroic effort he has not succeeded 
in doing what he has set out to do. This 
reviewer believes it impossible in the limited 
number of pages to review the history of 
astronomy. 

There are some favorable aspects of the 
subject as presented in this book. The au- 
thor has traced the major developments in 
astronomy and has so completely, but briefly, 
covered this that the book has considerable 
merit as a reference book. The author has 
wisely included both an author index and a 
subject index to increase the book’s value for 
this purpose. 

In the first eight sections Dr. de Vaucou- 
leurs brings us up to the present day of astron- 
omy. These are rather conventional sections. 
Where the author really displays his potenti- 
alities is in the last section, ‘Astronomy 
Today.” His account of instrumental ad- 
vances, solar system physics, galactic and 
extra-galactic studies, stellar physics and 
radio astronomy is superb. Had the author 
just expanded this section and treated only 
present day astronomy the resulting book 
would have filled an important need in the 
field. The reviewer believes Dr. de Vaucou- 
leurs has wasted his talents in writing of his- 
torical astronomy which has had comprehen- 
sive treatments in the past. 

In the foreword Dr. de Vaucouleurs states: 
“T have often felt, too, that many popular 
accounts are unbalanced and uncritical in 
their selection of material. A recital of the 
obsolete speculations of the Ancients... 


Book REvIEws 


may have some appeal for those interested 
in details, but they deserve only little space 
in a volume which aims at giving its readers 
a comprehensive survey of the whole history 
of astronomy in a few hundred pages.” This 
book was written so that the integrity of this 
theme was not violated. 

Discovery of the Universe is a well written 
book but this reviewer expected more because 
of the author. 

I. M. Levitt 
The Fels Planetarium 


Gas CHROMATOGRAPHY, by A. I. “M. Keule- 
mans, edited by C. G. Verver. 217 pages, 
diagrams, 6 X 9 in. New York, Reinhold 
Publishing Corp., 1957. Price, $7.50. 


This is the second text concerned with 
this recently invented but rapidly growing 
method. The author is an employee of the 
Shell Oil Company, whose chemists have 
contributed much to the development of gas 
chromatography. As such, he has had access 
to vast amounts of previously unpublished 
results from Shell's laboratories in Holland, 
England and the United States, as well as the 
authoritative views of his colleagues. 

It is a much more detailed book than the 
first one by Phillips. Frequent reference is 
made to the literature and many of the pub- 
lications which appeared as recently as June, 
1956 are discussed. 

Chromatographic techniques are briefly 
described and classified in the first chapter. 
The factors affecting separations are discussed 
thoroughly, but qualitatively, in the second 
chapter. Analytical applications with im- 
portant examples are cited. In Chapter 3 the 
apparatus is described. Not only the com- 
mon, but several interesting, non-commercial 
detection devices are mentioned. The author 
presents the theories of gas chromatography 
in Chapters 4, 5, and 6 and, in Chapter 7, 
shows how these principles can be utilized 
when dealing with difficult separations and 
non-analytical applications. Chapters 2 to 7 
are concerned primarily with the more import- 
ant method of gas-liquid chromatography, 
while Chapter 8, the last one, deals with the 
older method of gas-solid chromatography, 
which possesses advantages in a few specific 
cases. 

Many separations and analyses may be 
made by gas chromatography without any 
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knowledge of the quantitative aspects of the 
theory. The author has kept this in mind in 
the arrangement of the subject matter. An 
adequate working knowledge of the method 
can be gained by a study of the first three 
chapters. The experimental techniques and 
operating variables are so thoroughly covered 
in these sections of the book, that familiarity 
with this material is generally sufficient to 
overcome the difficulties encountered in rou- 
tine applications. Those investigators con- 
cerned with more difficult problems will find 
the theoretical discussions quite helpful. 
These principles have usually been illustrated 
by interesting experimental data. 

This book is the most complete single refer- 
ence on gas chromatography. As the inven- 
tor of the method, A. J. P. Martin, wrote in 
the foreword, ‘‘Dr. Keulemans demonstrates 
in this volume his mastery of the subject 
which reflects the vast amount of work which 
he and his colleagues have put into the de- 
velopment of this analytical tool.” 

MANFRED PRAGER 
The Franklin Institute Laboratories 


An INTRODUCTION TO SEMICONDUCTORS, by 
W. Crawford Dunlap, Jr. 417 pages, dia- 
grams, 6 X 9 in. New York, John Wiley 
& Sons, Inc., 1957. Price, $11.75. 


The periodical literature on semiconductors 
has grown to an enormous size. While very 
few books have been written on this subject 
(one could mention the excellent works of 
Shockley and of Henisch), each of these puts 
a special emphasis on a particular aspect of 
the field. Shockley, for example, gives a 
thorough elucidation of the theoretical foun- 
dations and deemphasizes the applications and 
devices. Thus, there has been for some time 
a great need for a general synthesis of the 
subject at an intermediate level. This need 
has been successfully filled by Dr. W. C. 
Dunlap’s book. Without undue emphasis on 
the theory, Dr. Dunlap’s treatment is vig- 
orous and will satisfy both the physicist and 
the engineer who wish an introduction to the 
subject. Those already working in this field 
will find all the useful ideas and facts gathered 
and exposed in a clear and logical fashion. 

In the first eight chapters, Dr. Dunlap 
gives an exposé of the essential Solid State 
background necessary for the study and un- 
derstanding of semiconductors. The follow- 
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ing two chapters contain the experimental 
facts or measurements and preparations of 
semiconductor materials. The properties of 
semi-conducting elements and compounds are 
thoroughly analyzed and Chapters 11 and 12, 
with a legitimate emphasis on germanium 
and diamond. The rest of the book (Chap- 
ters 13 to 15) is devoted to the study of the 
various semi-conducting devices, transistors, 
rectifiers, thermistors, photocells, etc. 

Among the features to be particularly com- 
mended, let us mention: (1) the three-dimen- 
sional treatment of the energy surfaces, more 
realistic and more rigorous than the standard 
E-k Diagram, often misleading (especially 
when the direction of vector k is not specified) ; 
(2) the excellent chapter on Statistical Me- 
chanics; (3) the list of pertinent references 
given at the end of each chapter. In conclu- 
sion, we feel that Dr. Dunlap’s book will 
prove to be a good text book for the student 
and a useful reference for the worker in the 
field of semiconductors. 

HENRI AMAR 
The Franklin Institute Laboratories 


NEUTRON TRANSPORT THEORY, by B. Davi- 
son, with the collaboration of J. B. Sykes. 
450 pages, diagrams, 6 X94 in. New 
York, Oxford University Press, 1957. 
Price: $12.00; 75 s (U. K. only). 


Do technical reports become published 
papers? A report on this question appeared 
in the June, 1957, issue of Physics Today in 
which D. E. Gray and S. Rosenborg studied 
what happened to the publishable material in 
1018 unclassified technical reports. One of 
their conclusions was “that for about a fifth of 
the reports that contain publishable data, 
none of the information is published, at least 
for several years, and much of it probably 
never appears in conventional printed form.” 
When we consider also that many of these 
technical reports, although unclassified, are 
completely unavailable to most scientists, we 
realize that much valuable information may 
be lost to the scientific community. 

As one who has been an active participant 
in the advancement of neutron transport 
theory, B. Davison has recognized that many 
of the significant contributions have been 
available only in technical reports, and some 
have not appeared in any form. In order to 
remedy this situation, he has gathered to- 


= 
: 
~ 
= 
+ 


252 


gether in this book all the principal mathe- 
matical methods used in neutron transport 
theory. In order to do this, he has included 
material from twenty-six American, British, 
and Canadian technical reports, as well as 
previously unpublished contributions from 
Bethe, Elliot, Feynman, Clark, and Serber. 
Aside from rescuing some of this work from 
oblivion, the author, with the collaboration 
of J. B. Sykes, has given a unified presenta- 
tion of the various theoretical methods and 
has discussed their regions of applicability. 

The author’s approach to the various sub- 
jects throughout the main body of the text is 
more mathematical than physical. He pre- 
fers to begin with a precise formulation of 
each problem—rather than starting with a 
simplified physical picture, deriving the more 
elementary approximations, and then pro- 
ceeding to the refinements. Besides the ma- 
terial contained in Whittaker and Watson's 
Modern Analysis, the reader of this book is 
presumed to know the definition, inversion 
formulae, and elementary properties of Four- 
ier, Laplace, and Mellin transforms. Thus 
we see that this book is primarily written for 
theoreticians, being generally at the level of 
difficulty of theoretical papers in The Physical 
Review. There are very few diagrams or 
tables throughout the book, and few, if any, 
numerical examples for the theoretical meth- 
ods, which may have been omitted because of 
space limitations. No comparison is made 
with experimental studies for reactors or 
critical assemblies, although much of this 
material may not have been declassified at 
the time of writing this book. The result 
is that the book is rather difficult reading for 
one not possessing a considerable theoretical 
knowledge of the subject. 

The book is divided into four parts. In 
Part I, the basic transport equation is de- 
rived from the relevant physical properties of 
neutrons. Part II deals with the constant 
cross section approximation. Here the var- 
ious methods for obtaining exact solutions for 
a few particularly simple problems are de- 
scribed. For more complex problems, the 
various approximate methods are considered, 
including the spherical harmonics method, 
perturbation and variational methods, and 
the iteration and Monte Carlo methods. In 
addition, the Serber-Wilson method is dis- 
cussed, together with the accuracy and limits 
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of applicability of the method. Energy-de- 
pendent problems with spectrum regeneration 
are considered in Part III, with a critical dis- 
cussion of the assumptions underlying multi- 
group theory. In Part IV, showing-down 
problems are dealt with, including a treatment 
of age theory. The problems of slowed-down 
neutrons at large distances from the source, 
for both the cases of constant and variable 
cross-sections, are analyzed. 

This book should be a valuable reference for 
all those interested in the theory and design 
of reactors, particularly those involved in 
theoretical calculations. The description of 
the approximations involved in each theoret- 
ical method, and the evaluation of the useful- 
ness of each method are particularly worthy 
of attention. The author has rendered a 
valuable service in making available such a 
large amount of theoretical material, and by 
presenting a unified picture of the many con- 
tributions to the problems of neutron trans- 
port theory. 

D. M. VAN PATTER 
Bartol Research Foundation 


MicropHotToGcrapPHy, by G. W. W. Stevens. 
326 pages, plates, 5} X 8} in. New York, 
John Wiley & Sons, Inc., 1957. Price, 
$8.50. 


This is a book on photography at extreme 
resolution. The importance of this subject is 
very great today because we are constantly 
searching for improved methods of informa- 
tion storage. In fact, the whole process of 
storing information of all types so that it may 
be quickly retrieved and put to use either in 
commerce, science, libraries or for whatever 
purpose is receiving a great deal of attention. 

So far the most compact form of stored in- 
formation is photographic, and techniques on 
the order of ultra-microfilm have been devel- 
oped. Perhaps the most notable complete 
system for automated storage and retrieval 
employing the principle of microphotography 
is Eastman Kodak’s ‘Minicard”’ project. 
This is briefly mentioned in the book. 

Dr. Stevens is a Fellow of the Royal Photo- 
graphic Society and has performed his re- 
searches at the Kodak Research Laboratories, 
Wealdstone, England. In this work he has 
had some association with Dr. C. E. K. Mees. 

Specifically the technical content of the 
book relates to sensitive materials for extreme 
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resolution, processing of microphotographs, 
optical requirements, the production of reti- 
cles, document microphotography, and the 
potential use of these techniques in scientific 
research generally. The subject of reticles 
includes precise code wheels for analog-to- 
digital conversion. Such devices, made by 
microphotographic processes, are important 
in the computing machine field. 

With typically British scholarship, Dr. 
Stevens has dealt with these subjects in a 
most interesting way, bringing out some of the 
historical and experimental background of 
each. In fact the author goes so far as to 
suggest some basic experiments which the 
reader can perform to demonstrate certain 
pertinent facts to himself. These can be 
done simply and with common materials. 

This is an excellent reference text illustrated 
with many drawings and photographic ex- 
amples. Its reference value rests, moreover, 
upon some very good chapter bibliographies 
which refer to the important proposals in this 
field by V. Bush, L. N. Ridenour, and others. 
Not only is the book a thoroughly sound 
technical work, but it also reflects the highly 
satisfactory career of its author in an inter- 
esting field of activity. 

C. W. HARGENS 
The Franklin Institute Laboratories 


Rockets, MISSILES AND SPACE TRAVEL, by 
Willy Ley. Revised edition, 528 pages, 
illustrations, 6 X 84 in. New York, Vik- 
ing Press, 1957. Price, $6.75. 


The most definitive book in the space travel 
field has just been revised and released. 
Since 1944 Willy Ley has carefully kept his 
book current so that in this newest edition 
everything worth knowing about this field is 
included. 

The first 170 pages are untouched for they 
deal with history and the present cannot in- 
fluence the past. After this section the au- 
thor, in his superb narrative style, relates the 
story of Peenemunde. This has been thor- 
oughly covered by General Dornberger in his 
book “‘V-2” but this section also contains the 
background of other important figures at that 
station. The story of Peenemunde is shaping 
up as one of the most fascinating stories of 
World War II. Perhaps at some future date 
Wernher von Braun will also write about this 
place from the engineer’s point of view. 
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Following this comes the section on White 
Sands with the details of the firings of the V-2 
and the new Vikings. Then the rocket is 
treated as the instrument to penetrate cosmic 
space. 

The author covers all the modern facets of 
this science. He speaks about Project Orbi- 
ter, Project Vanguard and even the remark- 
able performance of the Jupiter C which broke 
all distance and altitude records. Cognizance 
is taken of projects of the future and figuring 
prominently in these plans are the papers 
given at The Franklin Institute Symposium 
on “Earth Satellites as Research Vehicles” in 
1956. 

Rockets, Missiles and Space Travel is the 
answer to any young man’s dream about a 
book on this vital subject. 

I. M. Levitt 
The Fels Planetarium 


ELEMENTs OF GaspyNamIcs, by H. W. Liep- 
mann and A. Roshko. 439 pages, dia- 
grams, 6 X 9 in. New York, John Wiley 
& Sons, Inc.; London, Chapman & Hall, 
Ltd.; 1957. Price, $11.00. 


This book is the eighth in the GALCIT 
Aeronautical Series, edited by Theodore von 
Karman and Clark B. Millikan, and deals 
with the fundamentals of gas physics, thermo- 
dynamics and chemical kinetics as applied to 
the problems of high speed compressible and 
viscous flow. With this volume the authors 
have provided the engineers and scientists 
working in problems of high speed aerody- 
namics with an up-to-date companion to an 
earlier volume in the GALCIT Series, “‘Intro- 
duction to Aerodynamics of a Compressible 
Fluid,” by Liepmann and Puckett. 

The authors place special emphasis on con- 
cepts from thermodynamics and chemical 
kinetics in treating the gas dynamics of real 
gases in this volume. The aerodynamicist is 
thus provided with a concise reference for 
fashionable work in the realm of the flow of 
high temperature, real gases. This reader 
especially enjoyed the use of a common model, 
that of Couette flow, in illustrating sepa- 
rately the roles of viscosity and thermal con- 
ductivity, the effects of gas dissociation, and 
rarefied gas effects on skin friction and heat 
transfer. 

Chapter 6, devoted to methods of measure- 
ment, is a particularly valuable one not usu- 
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ally found in references in this field. The 
most modern techniques of making aerody- 
namic and heat transfer measurements in a 
supersonic airstream are carefully described 
along with a description of the underlying 
physical principles. Shock tube instrumen- 
tation is too briefly dealt with, however. 

It is pertinent to mention that slender body 
theory, the theory of flow in ducts and wind 
tunnels, the theory of shock tubes, transonic 
flow theory, and the similarity rules for high 
speed flow are all described and illustrated in 
this book. A fitting closing chapter is de- 
voted to the kinetic theory of gases, proba- 
bility theory, Boltzmann distribution func- 
tions and their place in gas dynamics. 

Exercises are provided for each chapter. 
They are suitable for use in senior level 
courses for aeronautical students or for grad- 
uate level courses. References are footnoted 
throughout and a list of selected references is 
provided. 

This reviewer would not hesitate to rec- 
ommend this volume for any scientist or engi- 
neer seeking a ready reference in the theory 
and techniques of modern gas dynamics. 

H. DorRANCE 
Convair 


ArrcrAFT Gas TURBINES, by C. W. Smith. 
448 pages, diagrams, 5} X9 in. New 
York, John Wiley & Sons, Inc., 1956 
Price, $8.75. 


This book is one of the General Electric 
series, covering a course of lectures by the 
author, both at New York University and the 
Aircraft Gas Turbine Division of the General 
Electric Co. 

The author covers a comprehensive tech- 
nical discussion of the theory of the aircraft 
gas turbine and includes some discussion on 
design proportions and limitations. How- 
ever, it would have been hoped that a more 
detailed blocking out of design proportions 
would offset much repetition of basic princi- 
ples already found in the literature on the gas 
turbine power plant. 

In Chapter 2, the author discusses aircraft 
propulsion theory and introduces such con- 
cepts as thrust considered as a pressure in- 
tegral. While of course, in greater part, the 
thrust reaction between the fluid passing 
through the power plant and nozzles is the 
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axial component of the pressure integral over 
the constraining surfaces, additional forces 
due to friction must be considered, even 
though the interacting surface friction forces 
are usually of small order. However, the use 
of a pressure integral is of value when con- 
sidering the net thrust and the significance of ° 
the external forces. The author has shown 
the ambiguity of measurements in the thrust 
rating of an aircraft gas turbine, and here the 
pressure integral over the external surfaces 
offers a clearer picture for defining the net 
thrust. 

The aircraft gas turbine power plant differs 
from the stationary power plant in the manner 
of utilizing its energy. For this reason, it 
would have seemed preferable to discuss the 
over-all energy equation directly relating the 
propulsion power with that developed in the 
power plant, rather than through efficiency 
ratios and comparative cycles. Moreover, in 
the author's discussion of the ‘Brayton cycle 
as modified by losses,”’ it would seem that the 
comparison of the actual nonisentropic adia- 
batic compression and corresponding non- 
isentropic expansion between definite pressure 
limits should rather be made with the Brayton 
cycle as a yardstick. The author’s own com- 
parison, in his definition of efficiency of com- 
pressien, seems adequate, without reference 
to cycles. 

In Chapter 6, the author covers the ther- 
modynamic relations for compression and ex- 
pansion of the gases as viewed from their 
properties. It also includes an interesting 
discussion of elementary gas dynamics for 
supersonic flow. 

In the theory of flow, the author discusses 
the enthalpy changes along ducts, between 
entrance and exit sections, extending the 
nozzle analysis to supersonic and subsonic 
zones, with a discussion of shock losses. 

The author discusses the energy relations 
for ramming intake. A simplified problem 
considered by the author is the acceleration 
of a mass m of the air to the velocity V, of the 
airplane by the interaction force F between 
the airplane and air. With V relative to the 
airplane in the direction of flow, the absolute 
velocity of the mass mis V, — V = v forward. 


Then F = m= and the energy input by the 


airplane is f 7. V,dt = mV,*, This is the 


- 
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energy transfer between airplane and fluid 
of mass m. The energy input to the air 
by virtue of the force F acting on it is 


V;? 
” Fodt = =o which is the kinetic energy 


acquired by mass m. The difference is ab- 
sorbed and is assumed to be that for com- 
pressing the air. That is, the work of com- 
pression corresponds to the slippage or rela- 


V,? 
tive work — { FVdt = oe Thus 
Vp 


the energy input from the airplane equals the 
mV,? 


dissipation or stored energy f FVdt = 
Vp 


mV,? 


plus the kinetic energy acquired. This 


is believed to be the author's interpretation 
and is useful in giving one aspect for a pre- 
liminary idea of the problem. 

The actual problem, however, relates to a 
continuous flow rate and is concerned with the 
pressures at both the entrance and exit sec- 
tions of the ram which latter leads to the com- 
pressor. While the energy input to the fluid 


flow passing through the duct is f FV,dt, 


the energy input is no longer mV,? per mass 
m of air, even with relative entrance velocity 
Vy. The difficulty arises in that F used in the 
integration is no longer the reaction between 
the intake flow and airplane, since in addition 
the terminal pressures reacting on the flow 
must be considered. Further, the work of the 
pressure interactions across sections of the 
flow must be considered, in addition to the 
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work of the airplane reaction, moving with 
velocity V>. In estimating the pressure head 
at exit, an energy balance must also include 
the change in enthalpy. The power input is 
then equal not only to the airplane input 
but also must include the rate of work of 
the end pressures acting on the flow. The 
power equation, along with the momentum 
equation, for the case discussed reduces to its 
more simple form, in terms of its relative en- 
ergy, where the enthalpy change per unit 
V2 — Vi? 
2g 
V; and V2 are the relative entrance and exit 
velocities. In general, V; is not equal to V, 
as brought out by the author in his previous 
discussion. Possibly the total change in en- 
thalpy per unit weight of flow can be divided 
into two components, that for the change of 
the flow to the entrance to the duct, that is, 
1; — 19 = (Vz? — Vi?)/2g, where — to 
= ¢p(T; — To) and within the duct, 72 — 7; 
= (V—V2?)/2g, where = mi,(T2—T)). 
Since the temperature rise T; is thus fixed 
irrespective of the irreversibility, the corre- 
sponding increase of entropy can only lower 
the pressure p2 at entrance to compressor. 
On the whole this book contains much val- 
uable information and discusses a wide range 
of general problems pertaining to aircraft gas 
turbines, and as such it should be useful in a 
curriculum course and as a well informed 
practical treatise on the subject. 


weight of flow is 74; — 72 = , and 
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BOOK NOTES 


THE Papers OF WILLIAM FrRoupE. 344 
pages, diagrams, illustrations, 8} X 11 in. 
London, The Institution of Naval Archi- 
tects, 1955. Price, not given. 


Collected and published in one volume by 
The Institution of Naval Architects, the 
papers of William Froude, pioneer in ship 
model research, are presented as a memorial 
made possible by contributions from organi- 
zations in twelve countries. The volume, 
handsomely printed and bound, comprises all 
the known published technical papers of 


Froude, arranged in chronological order from 
his first, in 1847, on the discharge of elastic 
fluids under pressure, to the last, in 1878, on 
the relation between pitch, slip and propulsive 
efficiency. The last entry consists of two 
extracts from letters, one written by William 
Froude shortly before his death in 1878, on 
the skimming flight of birds, and the other by 
R. E. Froude, continuing the discussion of the 
first letter. 

The volume opens with a tribute to William 
Froude by Sir Westcott Abell and an evalua- 
tion of Froude’s work by R. W. L. Gawn. 
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CHEMISTRY OF PLANTS, by Erston V. Miller. 
174 pages, diagrams, 6 X 9in. New York, 
Reinhold Publishing Corp., 1957. Price, 
$4.75. 


The author discusses the chemistry of 
plants in such a way as to interest research 
workers in medicine, agriculture, food process- 
ing and the manufacturing of chemicals for 
fungicides, insecticides and _ phytocides. 
Twelve chapters cover, for example, carbo- 
hydrates (in which gums amd mucilages are 
treated), proteins, lipides (including essential 
oils), plant pigments, enzymes, hormones, 
glycosides, vitamins, etc. References to other 
works in the field are given at the end of each 
chapter. 


AMERICAN CIVIL ENGINEERING PRACTICE, 
Vo . III, edited by Robert W. Abbett. 1279 
pages, diagrams, 54 X 8} in. New York, 
John Wiley & Sons, Inc., 1957. Price, 
$25.00. 


The third and final volume of this extra- 
ordinarily complete handbook covers ma- 
sonry, reinforced concrete, steel, and timber 
structures. It contains thirteen sections on 
broad topics such as theory of structures, pre- 
stressed concrete structures, retaining walls, 
steel bridges, buildings, earthquake-resistant 
designs, etc. Fifty-four contributors, each an 
authority in his field, are listed, showing what 
topics each is responsible for. Each section is 
amply illustrated and the book contains many 
tables of valuable data. As in the previous 
two volumes, the ingenious “edge index” 
system aids the user to locate sections readily. 
Paging is by sections. 


MopeErRN APPLIED PHoTtoGRAPHy, by G. A. 
Jones. 162 pages, plates, 4} X 7} in. 
New York, Philosophical Library, 1957. 
Price, $4.75. 


The author confines his treatment of mod- 
ern applied photography to a very brief out- 
line, with emphasis on the lesser known appli- 
cations in science and industry; he does not 
deal with the “art’’ of photography nor with 
photography asa science. He has written 
the book for those readers with a general 
knowledge of the elementary principles of 
photography. 

Some of the applications dealt with include 
document copying, scientific recording of 
images for future study, star photography, 
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infrared photography (medical, high-tempera- 
ture, aerial, etc.), ultraviolet photography, 
radiography, the recording and analysis of 
motion, and the use of photography in pro- 
duction, particularly in inspection. 


UNDERSTANDING Hi-Fi Circuits, by Nor- 
man H. Crowhurst. 224 pages, diagrams, 


53 X 8} in. New York, Gernsback Li- 
brary, Inc., 1957. Price: $2.90 (paper); 
$5.00 (cloth). 


Aimed at the rapidly growing numbers of 
hi-fi fans who tinker with their own sets, this 
book by an autkority in the field contains 
eleven chapters dealing technically with the 
several components of a hi-fi set. After 
studying the sections of the book (special out- 
put stages, feedback and damping, inverter 
and driver stages, input stages, matching, 
equilization, speaker distribution and cross- 
overs, loudness and volume control, and tone 
controls), the reader should be in a good po- 
sition to select the components best suited to 
his purpose. Emphasis is on audio circuits, 
but the author includes consideration of 
other factors, such as speakers, cabinets, vi- 
brations, acoustics, etc. 


FivE MATHEMATICAL STRUCTURAL MODELS, 
by Otto F. Fischer. 412 pages, 5} X 8 in. 
Stockholm, Axion Institute, 1957. Price, 
$10.00. 


The interested reader is referred to the re- 
view of the author’s Universal Mechanics and 
Hamiltonian Quaternions which appears in 
Vol. 252, p. 446 of this JouRNAL. That re- 
view will give the reader a ‘‘feel’’ for the sub- 
ject matter of this book. The reviewer sug- 
gested at that time that a judicial selection in 
a more highly organized form would enhance 
the appeal of the material. That apparently 
is what has been done, to some extent, in this 
book. 

The present book is concerned with the 
search for structural features in nature which 
may be expressed in the form of mathematical 
models. Quaternions are the mathematical 
instruments used in the search, and five 
sample models are chosen for study. The 
features in nature covered by these models 
range through the complete gamut from me- 
chanics and electromagnetism through to 
quantum mechanics. 
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PUBLICATIONS RECEIVED 


The Editors wish to call attention to the following books, received in the JOURNAL office 
for review. Lack of space prevents publication of more than this listing. 


Harvey. His Lire Times; His DiscovertEs; His MEtuHops, by Louis Chau- 
vois. 271 pages, diagrams, 6 X 9 in. New York, Philosophical Library, 1957. Price, 
$7.50. 

QuaLity CONTROL AND STATISTICAL METHODS, by Edward M. Schrock. Second edition, 246 
pages, diagrams, 6 X 9 in. New York, Reinhold Publishing Corp., 1957. Price, $6.75. 

CoLLEGE CHEMISTRY, by William H. Nebergall and Frederic C. Schmidt. 788 pages, diagrams, 
7 X9in. Boston, D. C. Heath and Co., 1957. Price, $6.75. 

TECHNICAL DESCRIPTIVE GEOMETRY, by B. Leighton Wellman. Second edition, 628 pages, 
diagrams, 6 X 9 in. New York, McGraw-Hill Book Co., Inc., 1957. Price, $5.75. 
JouRNAL OF A SCIENTICIAN, by Piero Modigliani. 136 pages, 54 X 8} in. New York, Philo- 

sophical Library, 1957. Price, $3.75. 

OrGANIc CHEMISTRY, by Louise Kelley. Second edition of ‘Organic Chemistry” by G. Albert 
Hill and Louise Kelley, 757 pages, 6 X 9 in. New York, McGraw-Hill Book Co., Inc., 
1957. Price, $7.50. 
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CURRENT TOPICS 


Instruments for Satellites.—A tiny 
new moon, man-made and earth 
launched, with expected greatest visi- 
bility about an hour after sunset and 
an hour before sunrise will soon be 
wheeling around the Earth once every 
90 minutes according to calculations 
of scientists engaged in the U. S. 
Navy’s Project Vanguard. 

Varian Associates, Palo Alto elec- 
tronics firm, will participate in this 
dramatic chapter in scientific progress 
since their magnetometer, a device 
which measures the earth’s magnetic 
field, will be one of the instruments 
carried in a 21}-lb. satellite launched 
in the Vanguard program. The “ar- 
tificial moon’’ is expected to describe 
an elliptical orbit around the earth 
from 200 to conceivably 1500 miles 
out in space. It will circle the earth 
15 times each 24 hours, its path cross- 
ing the United States in 10 minutes. 

A Varian magnetometer in the sat- 
ellite will provide a time record of the 
earth's magnetic field above the iono- 
sphere and is expected to answer many 
important questions concerning mag- 
netic disturbances which have a com- 
mon origin with disturbances in vital 
radio communications. Commercially, 
the Varian magnetometers are used 
principally by geophysicists to help 
locate oil and mineral deposits. 

Already being used in high altitude 
rockets for scientific research, Varian’s 
proton free precession airborne mag- 
netometer was selected by the Naval 
Research Laboratories for their Proj- 
ect Vanguard for its three primary ad- 
vantages over other magnetometers in 
applications such as installation in a 
rocket or satellite. Insensitive to ori- 
entation, the Varian magnetometer 
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can be used in any position; needs no 
calibration ; and is the only magnetom- 
eter able to transmit its measure- 


‘ments in the form of precession fre- 


quency which can be measured and 
recorded on the ground. 

The Varian magnetometer was in- 
vented by Dr. Russell H. Varian and 
constitutes a unique method of utiliz- 
ing the gyromagnetic properties of the 
nucleus of anatom. The device itself 
is ingeniously simple consisting essen- 
tially of a coil of wire immersed in a 
bottle of liquid containing hydrogen 
atoms such as water, kerosene, gaso- 
line or alcohol. A light hydrocarbon 
with low freezing point will be used for 
the satellite flight. 

Since protons act as if they were 
tiny spinning bar magnets, their func- 
tion can be compared to that of the 
armature of an electric generator. As 
they precess like gyroscopes about the 
earth’s magnetic field, these protons 
induce a current in the coil of wire 
surrounding them just as the rotating 
magnet or armature of the generator 
induces a current in its coil. Actual 
measurement of the magnetic field is 
made by determining the frequency 
of the current induced in the coil by 
the spinning hydrogen nuclei. This 
frequency is directly proportional to 
the strength of the earth’s magnetic 
field. The current induced in the 
Varian magnetometer in the satellite 
is expected to range in frequency be- 
tween 800 to 2200 cycles while circling 
at varying heights above the earth. 

The United States Air Force pres- 
ently has three Magnetic Observato- 
ries on the ground equipped with 
Varian magnetometers. These instru- 
ments are recording important infor- 
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mation on the daily variations of the 
earth’s magnetic field and in conjunc- 
tion with the measurements obtained 
from the satellite will provide a valu- 
able tool for determining location and 
strength of the currents responsible 
for magnetic storms at ground level. 

Varian’s airborne magnetometer has 
already undergone one drastic size re- 
duction from the original 150-lb. 
model to about 22 Ib. for the Aerobee 
Rocket tests where it is performing 
successfully in providing magnetic 
data obtained in the upper atmosphere. 

The satellite installation of the Var- 
ian magnetometer will weigh approxi- 
mately 3 lb. exclusive of the battery. 
It will consist of two parts: the ‘‘coil 
and sample,” or sensing head, reduced 
to approximately 2 lb. in weight and 
half the size of the Aerobee magneto- 
meter; and the minified, transistor- 
ized, electronic portion designed to 
weigh about 1 lb. 

Several ground stations will receive 
the telemetered data from the satellite 
on magnetic tape and will later use 
this information to give the magnetic 
field value at the position of the satel- 
lite when it is interrogated. The 
cycle of measurement from ground 
signal to recording of the telemetered 
data will be four seconds of each 
90-min. cycle. 


New Assault Boat.—A new light- 
weight, durable assault boat has been 
developed by the U. S. Army Corps of 
Engineers’ Research and Develop- 
ment Laboratories, Fort Belvoir, Va. 
Carrying its full crew of 15, the pneu- 
matic type craft can attain speeds of 
7.1 mph. by use of a 25-hp. outboard 
motor, or 3.3 mph. by hand-paddling. 

Constructed of neoprene-coated ny- 
lon, the boat consists of a main flota- 
tion tube, an air-mat bottom, a thwart 
tube connecting the main flotation 
tube amidship, and a 4-in. diameter 
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spray rail extending around the periph- 
ery of the main flotation tube. 

The main tube is 18 in. in diameter 
and is divided into six compartments 
by hemispherical bulkheads. Divi- 
sion of the tube is a safety feature in 
that as many as four compartments 
can be damaged without the boat be- 
ing knocked out of action. 

The boat is equipped with two 
large and one small inflation-deflation 
pumps, a repair kit and eleven 5-ft. 
paddles. A carrying case fabricated 
of cotton duck is also provided. With 
equipment, it weighs 255 lb. Inflated 
size is 17 ft. long, 5 ft, 8 in. wide 

The boat is air droppable and can 
be readily carried by six men. Due to 
its weight and construction, more than 
twice as many pneumatic boats can be 
carried on a 2}-ton truck than the 
conventional rigid type boats. 

Engineering tests have been com- 
pleted and additional boats have been 
procured for troop tests. 


‘“‘“Human Barrier’? Under Investiga- 
tion.—Scientists and medical spe- 
cialists are preparing an experiment 
under the auspices of the Air Research 
and Development Command in an 
effort to crack aviation’s “human 
barrier.’’ It is hoped this can be done 
by studying the physical and psycho- 
logical effects on aircrews who are con- 
fined on extended ‘‘flights’”’ in small, 
crowded cabins. 

A full-scale mock-up of a small (ap- 
proximately 6 ft. by 7 ft. by 17 ft.) 
“flight station’”’ will be used to confine 
five-man Air Force crews for 120 hrs. 
each in these series of tests. 

The tests will be conducted for 
ARDC by Lockheed Aircraft Corpo- 
ration at its Marietta, Ga., plant, and 
monitored by ARDC’s Wright Air 
Development Center, which is con- 
ducting a similar experiment at 
Dayton. 
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For periods of nearly one week, five 
men will be confined in an area about 
the size of a normal automobile. 
They will ‘‘fly”’ the plane—operating 
dummy controls and simulating both 
normal and emergency conditions. 
They will eat, sleep, work, and relax 
in this tiny area. Ten crews will be 
used during the experiment, which is 
expected to end early in 1958. Psy- 
chologists and physicians will examine 
the men before, during, and after the 
tests. 

While other similar studies have 
been made, the current investigations 
are unique in their attempts to meas- 
ure, in a controlled laboratory situa- 
tion, the effects of confining crews to a 
minimal space for an extended period 
of time. 


Solid-State Microwave Amplifier 
Uses Ferrites.—A new solid-state 
microwave amplifier using a ferrite 
material as the active element has 
been successfully operated at Bell 
Telephone Laboratories. The ferro- 
magnetic amplifier was predicted on 
theoretical grounds by Dr. H. Suhl, 
and the experimental program was 
carried out by Dr. M. T. Weiss, both 
of whom are research physicists at 
Bell Laboratories. 

Although still in the laboratory 
stage, this amplifier is an important 
addition to the growing family of 
solid-state devices. It operates at 
room temperature, and is expected to 
have a much lower noise level than 
conventional microwave amplifiers. 
Thus it has exciting possibilities as an 
amplifier for very weak microwave 
signals such as may be encountered in 
the fields of radio astronomy, micro- 
wave relaying and radar. 

This amplifier has certain superfi- 
cial similarities to the solid-state spin 
oscillator which was proposed by 
Prof. N. Bloembergen of Harvard 
University and first made to oscillate 
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by Drs. H. E. D. Scovil, G. Feher and 
H. Seidel of Bell Laboratories, as an- 
nounced in January, 1957. Both 
types must be supplied power from an 
oscillator operating at a higher fre- 
quency than the signal to be amplified, 
but the principles of operation of the 
two devices are quite different. 

In principle, the present device re- 
quires that a ferrite sample be placed 
in a microwave cavity which is simul- 
taneously resonant at two signal fre- 
quencies. Microwave power at a fre- 
quency equal to the sum of the two 
signal frequencies is then pumped into 
the cavity. A d-c. magnetic field, 
properly oriented and of sufficient in- 
tensity to cause gyromagnetic reso- 
nance at this sum frequency, must also 
be applied. Through nonlinear cou- 
pling in the ferrite, amplification or 
oscillation will be exhibited at either 
of the lower frequencies, or frequency 
conversion of a microwave signal can 
take place between these two fre- 
quencies. 

In one experiment conducted at 
Bell Laboratories, the two signal fre- 
quencies were each made approxi- 
mately 4500 mc., to simplify the cir- 
cuitry. The pumping power of 9000 
me. was fed into the resonant cavity 
and the signal power taken in and out 
by means of coaxial cable. With 
sufficient pumping power, oscillations 
took place at 4500 mc. When the 
pumping power was reduced some- 
what, amplification was observed at 
4500 mc. 

In the experimental setup, the d-c. 
magnetic field (about 2500 gauss) was 
provided by an electromagnet, but a 
permanent magnet could be employed 
if desired. The field is parallel to the 
plane of the strip-line cavity and 
oriented at an angle of about 45° with 
the cavity. 

In another experiment, a cavity was 
designed to be resonant at the two 
frequencies of 4000 and 4800 mc., 
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with the pumping frequency set at 
8800 mc. Oscillations and frequency 
conversion were observed at both the 
lower frequencies. 

The action of the ferromagnetic 
amplifier can be simulated at low fre- 
quencies by a pair of ordinary reso- 
nant circuits coupled by a variable in- 
ductance or capacitance. Since cer- 
tain very high frequency atomic phe- 
nomena also have this circuit analog, 
it is possible that the same amplifica- 
tion principle will find applications at 
frequencies much higher than those 
presently in use. 

It appears that ferromagnetic am- 
plifiers can be designed for operation 
in practically any portion of the mi- 
crowave spectrum. Preliminary re- 
sults indicate that the bandwidth is 
adequate for many _ applications. 
Thus, although the new device is still 
in the experimental stage in the re- 
search laboratory, this discovery may 
lead the way to an entirely new group 
of ferrite microwave devices. 


Inexpensive Exposure Meter.— 
General Electric has announced the 
first American exposure meter de- 
signed for the budget-minded, begin- 
ners’ market. Called the MASCOT 
II, the direct-reading meter will sell 
for about $10.00. 

Photometric engineers at the com- 
pany’s Instrument Department— 
manufacturers of precision measure- 
ment devices for 75 years—describe 
the MASCOT II as no bigger than a 
cigaret lighter, but capable of per- 
formance well within ASA accuracy 
standards. 

The budget-priced meter gives in- 
stant ‘‘one-answer’’ exposure readings 
and is extremely simple to use, the 
photometric ingineers said. 

Useful product features of the 
MASCOT II include a direct-reading 
scale for both f-stops and the new 
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Exposure Values (EVS), and settings 
for movie cameras at 16, 24 and 48 
frames per second. 


“Carbon-Tet” Vapor Detector.— 
Medical detection of carbontetra- 
chloride poisoning—potentially four 
times as dangerous as carbon-monox- 
ide—may greatly improved 
through tests conducted by a General 
Electric engineering medical-team. 
Carbon-tetrachloride is a chemical 
used in many consumer cleaning prod- 
ucts and in various industrial solvents. 
Poisoning can result simply from 
breathing carbon-tetrachloride 
pors. 

Preliminary investigations by the 
company’s Instrument Department 
engineers and Dr. J. W. Blevins, 
plant physician, show that the Gen- 
eral Electric Halogen leak detector 
will detect carbon-tetrachloride in the 
human system more than an hour 
after exposure to relatively small 
amounts of ‘‘carbon-tet’’ vapors. 

Dr. Blevins said other instruments 
have been used for this purpose, but 
“the increased sensitivity and ac- 
curacy of the H-1 detector greatly im- 
proves medical tests for detecting car- 
bon-tetrachloride poisoning.” 

General Electric’s detector obtains 
a quantitative measurement of the gas 
present as well as a qualitative detec- 
tion. This, according to Dr. Blevins, 
has made the instrument applicable 
to medical uses and extremely valu- 
able to the industrial hygienist for 
monitoring areas where toxic halogen 
gases may be used. 

The supersensitive Halogen leak 
detector—an instrument used _pri- 
marily to locate leaks in tightly sealed 
industrial systems such as refrigerator 
and air conditioner units—can find a 
leak so small that only one ounce of 
gas would leak through the opening 
in 100 years. 
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BY-LAWS * 


ARTICLE I 
NAME AND OBJECT 


Section 1. The name of this institution 
shall be “The Franklin Institute of the State 
of Pennsylvania for the Promotion of the 
Mechanic Arts.” 

Section 2. The object of The Institute 
shall be the promotion and encouragement of 
manufactures and the mechanic and useful 
arts, by the establishment of lectures on the 
sciences connected with them, by the forma- 
tion of cabinets of models, minerals, ma- 
chines, materials, and products, by exhibi- 
tions, and premiums, by a library, and by 
all such measures as may be judged ex- 
pedient. 

ARTICLE II 
MEMBERSHIP AND DUES 


Section 1. All persons interested in the 
object set forth in Article I and in the 
general activities of The Institute and will- 
ing to further them may become members 
upon election by the Board of Managers or 
in a manner prescribed by the Board, and 
upon payment of the prescribed dues. 

Section 2. Membership shall consist of 
the following classes: 


1. Annual Membership 

2. Life Membership 

3. Student Membership 
4. Honorary Membership 


Section 3. ANNUAL MembersHip. An 
annual member, who shall be not less than 
eighteen years of age, shall be entitled to 
all membership privileges, including the right 
to vote and to hold office, free admission 
to the Museum and Planetarium, the use of 
the Library, and the right to subscribe to 
the Journal at a reduced price fixed by the 
Board of Managers. The members of the 
family of an annual member, residing in 
his household, shall be entitled to free ad- 
mission to the Museum and Planetarium. 
The dues for annual membership shall be 
$15.00 a year, except that a member residing 
fifty miles or more from Philadelphia, a 
member enrolled as an Associate Member 


* Adopted at the Stated Meeting of The Franklin 
st oy May 15, 1957, and effective beginning 
uly 1, 1957. 
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when these By-Laws are adopted, and a 
member who is in the teaching profession 
on the staff of an elementary school, a high 
school or its equivalent, or college, shall pay 
annual dues of $7.50. 

Section 4. Lire MemsBersHip. A person 
may become a member for life, with all the 
privileges of an annual member, upon the 
payment of the sum of $300.00 in one year. 

Section 5. STtupENT MEMBERSHIP. A stu- 
dent member shall be not less than eight nor 
more than twenty-five years of age, and shall 
be registered for full-time day or evening 
work at an elementary school, high school or 
its equivalent, or college. He shall receive 
free admission to the Museum and Planetar- 
ium, the right to subscribe to the Journal at 
the same reduced rate as an annual member, 
and the right to apply for Library privileges 
after attaining the age of fourteen years, 
such privileges to conform to such rules as 
shall be prescribed by the Librarian. He 
shall have no right to vote or to hold office. 
The dues for student membership shall be 
$3.00 a year. 

Section 6. Honorary MEMBERSHIP. An 
honorary member may be nominated by the 
Board of Managers at any meeting of the 
Board, and such nomination shall be pre- 
sented to The Institute at its next Stated 
Meeting. An individual so nominated may be 
elected by the affirmative vote of four-fifths 
of the voting members present at such meet- 
ing. An honorary member shall be entitled 
to all the privileges of an annual member 
except those of voting and holding office, 
but shall not be subject to the payment of 
dues. He shall also receive the Journal free 
of charge. 

Section 7. Dues for membership shall be 
billed annually on the first day of the month 
of election. Any member whose dues have 
not been paid within six months from the 
date they become due, shall forfeit his 
membership. 

Section 8. The Board of Managers may 
remit temporarily in whole or in part the 
dues of any member of The Institute either 
by action in an individual case or by the 
establishment of regulations for certain 
classes. 


Section 9. Resignation of membership 
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shall be made to the Board of Managers in 
writing but need not be accepted until all 
dues in arrears up until date of resignation 
shall have been paid. Requests for transfers 
of membership from one class to another 
shall be made to the Board of Managers in 
writing. 


ARTICLE III 
FRIENDS OF FRANKLIN 


Section 1. Any contributor by gift to the 
annual operating funds of The Institute shall 
he designated a Friend of Franklin for the 
ensuing year. 

Section 2. An individual Friend of Frank- 
lin whose gift is in excess of the annual 
membership fee may be elected to member- 
ship in The Institute with his membership 
fee deducted from such gift and without 
further payment of such fee. 


ARTICLE IV 
BoarD OF MANAGERS 


Section 1. The Institute shall be gov- 
erned by a Board of thirty (30) Managers 
elected by the voting members from among 
their own number. They shall be classified 
in respect to the time for which they sev- 
erally hold office. The Board of Managers 
shall have final responsibility for and con- 
trol of the affairs of The Institute and of the 
Benjamin Franklin Memorial. Through the 
President the Board shall present a report 
on the operations and condition of The 
Institute to the members thereof at a Stated 
Meeting within six months of the close of 
each year. 

Section 2. Each class of Managers shall 
consist of no more than ten members, the 
term of office of each class expiring re- 
spectively on the date of the Annual Meet- 
ing of The Institute for each of the succeed- 
ing three years. At each Annual Meeting 
of The Institute, ten Managers shall be 
elected by the members to serve for three 
years or until their successors shall have 
been elected. 

Section 3. Upon the adoption of these By- 
Laws, the present Managers shall be con- 
tinued in office for the terms for which they 
are presently classified, subject to any re- 
classification as in this Section 3 provided 
for. The vacancies created in the Board of 
Managers, by reason of the increase in its 
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membership as provided in Section 1 of this 
Article IV, shall be filled by the Board of 
Managers from among the present officers 
and such other members of The Institute as 
may be required, the Board of Managers 
classifying all such persons assigned to such 
vacancies as it sees fit to and among the 
three classes of existing Managers whose 
respective terms of office expire in the three 
successive years following the adoption of 
these By-Laws. 

Section 4. A member of the Board of 
Managers who has not attended five regular 
meetings of the Board in any calendar year 
prior to the meeting of the Board in De- 
cember, shall be reported thereat by the 
Secretary as having resigned, unless it be 
unanimously voted by the members of the 
Board of Managers present at the December 
meeting that such Manager had been absent 
for sufficient cause. 

Section 5. Nominees for Managers to be 
elected at the Annual Meeting shall be 
chosen from the voting members of The 
Institute. Nominations shall be made in 
writing and presented to the Stated Meet- 
ing of The Institute in the month of De- 
cember. Each nomination paper must be 
signed by at least two voting members of 
The Institute who shall certify that the 
candidate will serve if elected. After the 
nominations are closed, the presiding officer 
shall appoint three voting members, who are 
neither officers nor nominees, to act as tellers 
of election. The list of nominees shall be 
incorporated (with directions for voting) 
in a ballot to be sent by the Secretary to each 
member entitled to vote, at least ten days 
before the date of the Annual Meeting. Each 
ballot shall be provided with a space for the 
signature of the member voting and shall 
be accompanied by a return envelope ad- 
dressed to the Tellers of Election. 

Section 6. On the day of the Annual 
Meeting, at an hour previously designated 
by their Chairman, the tellers shall meet at 
The Institute, and shall count all legal votes 
that have been received by mail or placed 
in the ballot box before eight o’clock P.M.; 
and when the count is completed they shall 
report to the Annual Meeting of The Insti- 
tute the total number of ballots cast, to- 
gether with the number of votes received by 
each candidate. Thereupon the presiding 
officer shall announce the names of the 


4 


264 


candidates who received the plurality of 
votes to fill the existing vacancies, and shall 
declare them elected Managers of The Insti- 
tute for the ensuing years. 

Section 7. No election at the Annual 
Meeting shall be valid unless it results from 
the vote of at least 48 members, cast as 
hereinbefore set forth. 

Section 8. Any vacancy occurring on the 
Board of Managers may be filled by the 
Board by the election of a person to serve 
until the next Annual Meeting of The Insti- 
tute or until his successor shall have been 
elected. 

Section 9. The Board shall hold a stated 
meeting in each month except in July and 
August at a time to be set by resolution of 
the Board. The annual organization meet- 
ing of the Board for the election of officers, 
appointment of committees, and such other 
business as may come before the meeting 
shall be held on the fourth Wednesday of 
January or at such other time as shall be 
determined by resolution of the Board. A 
special meeting of the Board may be called 
by the President at his discretion and shall 
be called by him within ten days after the 
written request of any five members of the 
Board. In case of his absence, refusal or 
inability to act, such special meeting shall be 
called by the Secretary. 

Section 10. A quorum for the transaction 
of business at all meetings of the Board 
shall consist of eleven members. 


ARTICLE V 


EXECUTIVE COMMITTEE 


Section 1. The Board of Managers may 
elect an Executive Committee consisting of 
five of its members with such authority to 
act on behalf of the Board as the Board may 
delegate. Three members shall constitute a 
quorum at all meetings of the Executive 
Committee. 


ARTICLE VI 
OFFICERS 


Section 1. The Officers of The Institute 
shall consist of a President, an Executive Vice 
President, such other Vice Presidents, if 
any, as may be determined from time to time 
by the Board of Managers, a Treasurer, a 
Secretary, a Director of Laboratories, an 
Assistant Treasurer, and an Assistant Secre- 
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tary, all of whom shall be members of The 
Institute. The Board of Managers may 
establish such other offices as it deems neces- 
sary or advisable. 

Section 2. All officers shall be elected by 
the Board of Managers at its organization 
meeting, with the President being chosen 
from the members of the Board, to serve for 
one year or until their successors shall have 
been elected. A vacancy occurring in any 
office may be filled by the Board of Managers 
at any stated or special meeting of the Board, 
the officer so elected to fill such vacancy to 
serve until the next annual organization 
meeting of the Board or until his successor 
shall have been elected. 

Section 3. The Board of Managers shal! 
determine and fix the compensation, if any, 
to be paid to each officer. 


ARTICLE VII 
Duties OF OFFICERS 


Section 1. The President shall be the ex-. 
ecutive head of The Institute and shal! have 
general supervision of the affairs of The 
Institute. He shall preside at all meetings 
of The Institute and of the Board of Man- 
agers. Subject to the approval of the Board, 
he shall appoint the members of all com- 
mittees of The Institute and of the Board 
except the Executive Committee; and he 
may designate himself a member of such 
committees as he sees fit. 

Section 2. The Executive Vice President, 
under the supervision of the President, shall 
have charge of all the affairs of The Insti- 
tute, and shall be responsible for its educa- 
tional, scientific and general operational 
management. Subject to these By-Laws and 
to such regulations as shall be established 
by the Board of Managers, he shall deter- 
mine the duties and approve the compensa- 
tion of all employees of The Institute other 
than officers, and shall exercise such ad- 
ditional authority as from time to time 
may be prescribed by the Board of Managers. 
He shall prepare the annual operating and 
capital budgets and submit them to the Board 
of Managers for approval. He shall submit 
to the Board of Managers at each stated 
meeting a report on the current operations 
of The Institute and its various departments. 
He shall be ex officio a non-voting member 
of each standing committee of the Board, 
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and if he so desires may attend meetings of 
the General Committees of The Institute. 

Section 3. In the absence or disability of 
the President, the Executive Vice President 
shall exercise his duties. In the absence or 
disability of the Executive Vice President, 
the President shall designate another officer 
or other officers to assume the duties of the 
Executive Vice President. In the absence 
or disability of both the President and the 
Executive Vice President, the duties of such 
officers shall be assigned to such persons or 
person as the Board of Managers shall desig- 
nate. 

Section 4. Vice Presidents shall have 
such duties as may be prescribed by the 
Board of Managers. 

Section 5. The Treasurer shall collect 
and have custody of all monies payable to 
The Institute together with all monies re- 
ceivable from the Investment Committee, 
depositing them in the name of The Institute 
in such bank or banks, and disbursing them 
by checks signed, as the Board of Managers 
may direct. He shall keep account of these 
receipts and disbursements, shall have gen- 
eral supervision of the financial books of The 
Institute, and shall render such financial 
statements as the President or the Board 
shall direct. He shall report to the Execu- 
tive Vice President. In the absence or disa- 
bility of the Treasurer, the Assistant Treas- 
urer shall perform his duties. The Treas- 
urer, Assistant Treasurer, and all other em- 
ployees whose duties make it advisable shall, 
at the Institute’s expense, give bond in an 
amount and with such surety as the Board 
of Managers shall determine. The duties 
of the Treasurer and of the Assistant Treas- 
urer may from time to time be modified by 
resolution of the Board of Managers. 

Section 6. The Secretary shall give notice 
of all meetings of The Institute and of the 
Board of Managers and shall be responsible 
for keeping the minutes of the proceedings 
of such meetings. He shall have custody 
of the seal, records, and official documents 
of The Institute and in general shall perform 
the duties usually pertaining to the office of 
Secretary. He shall report to the Execu- 
tive Vice President. In the absence or 
disability of the Secretary, an Assistant 
Secretary shall perform his duties. 

Section 7. The Director of Laboratories 
shall have immediate charge of the scientific 
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and business activities of The Franklin Insti- 
tute Laboratories. He shall report to the 
Executive Vice President. 


ARTICLE VIII 


STANDING COMMITTEES OF THE BOARD 


Section 1. There shall be the following 
Standing Committees of the Board of Man- 
agers: 


1. Nominating Committee 

Budget Committee 

Personnel Policy Committee 

Buildings and Grounds Committee 

Education Committee 

Research and Development Committee 

Bartol Research Foundation Committee 

Biochemical Research Foundation Com- 

mittee 

9. Educational Radio and Television Com- 
mittee 
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The Board may provide for such other 
Standing Committees as it deems advisable. 

Section 2. Each Standing Committee shall 
consist of not less than three nor more than 
ten members of the Board as the latter may 
determine. In addition, the Executive Vice 
President shall be ex officio a non-voting 
member of each Standing Committee. The 
members of each Standing Committee shall 
be appointed and the Chairman thereof des- 
ignated by the President and confirmed by 
vote of the Board at the annual organiza- 
tion meeting. The members of any additional 
Standing Committees authorized by the 
Board of Managers shall be appointed by 
the President and shall be confirmed by vote 
of the Board at its next meeting. A vacancy 
on any of these Committees may be filled 
by appointment by the President confirmed 
by the Board at its next meeting. Members 
of each Standing Committee shall serve for 
one year or until their successors shall have 
becn appointed. 

Section 3. The Nominating Committee 
shall recommend names of nominees for 
Manager to be presented to the members of 
The Institute for their consideration: in 
accordance with Article IV, Section 5, and 
the names of nominees for officers to be pre- 
sented to the organization meeting of the 
Board, in accordance with Article VI, Sec- 
tion 2. At other times as may be necessary, 
this Committee shall present nominations to 
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the Board of Managers to fill vacancies on 
the Board or among The Institute’s officers, 
as provided in Article IV, 8 and Article VI, 
Section 2, respectively. 

Section 4. The Budget Committee shall 
review the annual operating and capital bud- 
gets of The Institute (not including the 
budget of the Bartol Research Foundation) 
as presented by the Executive Vice President 
and then shall submit them with its recom- 
mendations to the Board for action not later 
than the December meeting. 

Section 5. The Personnel Policy Com- 
mittee shall review at least annually the 
salary scale of The Institute and shall act 
on behalf of the Board in approving changes 
in the salary scale. This Committee shall 
act on behalf of the Board in approving in- 
creases in salaries of employees above a 
certain amount to be determined by the 
Board, except compensation of officers fixed 
in accordance with Article VI, Section 3. 
It shall report such actions to the Board. 
The Committee shall review from time to 
time other matters of personnel compensation 
and welfare—including pensions, insurance 
and retirement—and shall make recommen- 
dations to the Board for changes in policy 
in these matters as it sees fit. 

Section 6. The Buildings and Grounds 
Committee shall have general supervision of 
the buildings and grounds occupied by The 
Institute. It shall inspect them at least an- 
nually and shall report to the Board on their 
condition, with recommendations, if any. 

Section 7. The Education Committee shall 
have general supervision over the educational 
activities of The Institute. It shall include 
a member from each of the following five 
committees: Museum and Memorial Com- 
mittee, Library Committee, Meetings Com- 
mittee, Publications Committee, and the Edu- 
cational Radio and Television Committee. 
The Education Committee shall review the 
educational activities of The Institute. It 
shall report on them to the Board and shall 
recommend to the Board such changes in 
policy as it may deem advisable. 

Section 8. The Research and Development 
Committee shall have general supervision 
over The Franklin Institute Laboratories 
and over any other research and development 
activities of The Institute, except those of 
the Bartol Research Foundation and of the 
Biochemical Research Foundation. One of 


its members shall be a member of the Lab- 
oratories Committee provided for in Article 
X. The Research and Development Com- 
mittee shall review semi-annually the finan- 
cial status of the Laboratories and the gen- 
eral scope of their activities. The Commit- 
tee shall report to the Board on these matters 
and shall recommend to the Board such 
changes in policy as it may deem advisable. 

Section 9. The Bartol Research Founda- 
ton Committee shall have general super- 
vision of the affairs of the Foundation 
created under the will of the late Henry W. 
Bartol. The Committee shall be aided by 
a Bartol Visiting Committee, which shall con- 
sist of not less than five distinguished physi- 
cists or other scientists (not necessarily 
members of The Institute) appointed by the 
Bartol Research Foundation Committee. The 
Chairman of the latter committee shall serve 
as Chairman of the Bartol Visiting Com- 
mittee. The Visiting Committee shall in- 
spect the laboratories of the Bartol Research 
Foundation at least semi-annually and at 
such times shall review the scientific pro- 
gram with the staff. The Visiting Com- 
mittee shall make a written report semi- 
annually to the Bartol Research Foundation 
Committee, with its recommendations for 
changes, if any, in the program or facilities 
of the Foundation. The Bartol Research 
Foundation Committee in turn shall trans- 
mit this report with its own recommendations 
to the Board of Managers. It shall also re- 
view the annual budget of the Foundation 
as presented by the Executive Vice President 
and then shall submit it with its recommen- 
dations to the Board for action not later than 
the December meeting. 

Section 10. The Biochemical Research 
Foundation Committee shall see that the 
obligations of The Institute as Trustee for 
the Foundation are performed and that the 
rights of The Institute are preserved. It 
shall make a review at least annually of the 
facilities and operations of the Foundation 
and report on them to the Board. It shall 
be available to the Advisory Council of the 
Foundation for collaboration and advice. 

Section 11. The Educational Radio and 
Television Committee shall supervise the 
performance of the obligations and protect 
the interests of The Institute with respect to 
its agreements with the Metropolitan Phila- 
delphia Educational Radio and Television 
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Corporation and with any other body, cor- 
porate or otherwise, operating educational 
radio and television facilities in which The 
Institute, as Trustee, owner, or otherwise, 
has any proprietary or contractual interest. 
It shall keep itself informed regarding the 
operations of the facilities and shall make 
such inspections of them as it may deem 
advisable (at lease annually) and shall re- 
port to the Board concerning these matters, 
with such recommendations as it may deem 
advisable. 

Section 12. Each Standing Committee 
shall meet at such times and places as the 
Committee or its Chairman shall decide. A 
quorum for the transaction of business at all 
meetings of the Standing Committees shall 
be a majority of the voting members. 


ARTICLE Ix 
GENERAL COMMITTEES OF THE INSTITUTE 


Section 1. There shall be the following 
General Committees of The Institute: 


1. Committee on Science and the Arts 
2. Membership Committee 
3. Investment Committee 
4. Endowment Committee 


Section 2. The size of each Committee 
shall be determined by the Board of Man- 
agers. The members of each General Com- 
mittee of The Institute shall be selected from 
the voting members of The Institute. The 
members of the General Committees shall be 
appointed by the President and confirmed 
by the Board at its annual organization meet- 
ing, provided that the appointments to the 
Committee on Science and the Arts shall be 
made from members of The Institute nomi- 
nated in writing by that Committee. The 
Chairman of the Committee on Science and 
the Arts shall be designated by that Com- 
mittee. The Chairman of each of the other 
General Committees shall be a member of 
the Board of Managers designated by the 
President. A vacancy occurring on any 
General Committee may be filled by the 
President at any stated meeting of the Board 
subject to confirmation by the Board. Mem- 
bers of General Committees shall serve for 
one year or until their successors shall have 
been appointed, except that the members of 
the Committee on Science and the Arts shall 
serve for three years as described in Section 
4 of this Article. 


By-Laws 


267 


Section 3. Each General Committee shall 
meet at such times and places as the Com- 
mittee or its Chairman shall decide. A quo- 
rum for the transaction of business at all 
meetings of the Committee on Science and 
the Arts shall be fifteen; for the other Gen- 
eral Committees, a majority of the members 
shall constitute a quorum. 

Section 4. The Committee on Science 
and the Arts shall consist of not less than 
sixty or more than seventy-five members 
divided into three classes approximately 
equal in number, the term of office of each 
class to expire respectively on the date of 
the annual organization meeting of the Board 
of Managers in successive years. The Com- 
mittee shall investigate current discoveries, 
inventions and other achievements in the 
sciences and their applications in the me- 
chanical and industrial arts with a view to 
recommending to the Board of Managers 
for its action such awards as may lie with- 
in the power of The Institute to bestow, 
exercising independent judgment in all such 
investigations. The Committee shall keep 
a record of all its proceedings which shall 
be reported to the Board of Managers when 
the latter so desires. In all matters of an 
administrative nature the Committee shall 
collaborate with the Executive Vice Presi- 
dent. The Chairman of this Committee, if 
not a member of the Board of Managers, is 
expected to attend stated meetings of the 
Board. 

Section 5. The Membership Committee 
shall review monthly the applications for 
membership received during the preceding 
calendar month, and, when authorized by 
the Board, shall elect to membership such 
applicants as to it may seem proper. It 
shall render a report of its actions to the 
Board at the next meeting of the Board. 
The Committee shall collaborate with the 
Executive Vice President in expanding the 
membership of The Institute. 

Section 6. The Investment Committee, 
subject to the supervision of the Board of 
Managers, shall have the custody and con- 
trol of all the securities and investments of 
The Institute with full power and authority 
to buy and sell, and to invest and reinvest 
the same, including the power to satisfy 
mortgages and extinguish ground rents, 
and to direct the placing of all such insur- 
ances on real estate held for investment as 
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it may deem necessary, and to make such 
improvements, repairs and alterations to 
such real estate as it may deem necessary. 
It shall have power to: authorize the proper 
officers of The Institute to execute the nec- 
essary papers to effect all purchases, sales 
and assignments of property other than real 
estate; transfer registered securities; sub- 
scribe to bond-holders’ agreements to plans 
of reorganization involving any securities 
held by The Institute or in which it has an 
interest; and do all such acts as are neces- 
sary in pursuance of the foregoing powers. 
The Committee may, with the approval of 
the Board of Managers, appoint a Trust 
Company in the City of Philadelphia to act 
as Fiscal Agent under the direction of the 
Committee. The Investment Committee shall 
keep a record of all its acts and proceedings, 
which shall be communicated to the Board of 
Managers. 

Section 7. The Endowment Committee 
shall be charged with all fund-raising activ- 
ities of The Institute and shall collaborate 
with the Executive Vice President in pro- 
moting such activities. It shall report to the 
Board of Managers from time to time (at 
least annually) on these activities. 


ARTICLE X 
Apvisory COMMITTEES OF THE INSTITUTE 


Section 1. There shall be the following 
Advisory Committees of The Institute : 


1. Museum and Memorial Committee 
2. Library Committee 

3. Meetings Committee 

4. Publications Committee 

5. Laboratories Committee 


The Board of Managers may provide for 
such other Advisory Committees as it deems 
advisable. 

Section 2. The members of the Advisory 
Committees shall be selected from the voting 
members of The Institute, provided that at 
least one member of each Committee shall 
be a member of the Education Committee or 
the Research and Development Committee 
as specified in Sections 7 and 8 of Article 
VIII. The members of each Advisory Com- 
mittee shall be appointed and the Chairman 
thereof designated by the President and con- 
firmed by vote of the Board at its annual 
organization meeting. The number of mem- 
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bers on Advisory Committees need not be 
fixed, and additional members may be ap- 
pointed at any meeting of the Board, for a 
term expiring at the date of the following 
organization meeting of the Board. 

Section 3. The Advisory Committees shall 
be of counsel and advice to the President 
and to the staff members in charge of the 
several operations indicated by the names of 
the committees. Each Advisory Committee 
shall meet at such times and places as the 
Committee or its Chairman may decide; and 
in addition it shall meet at the request of the 
President to consider any particular matter 
on which he would like advice. 


ARTICLE XI 


MEETINGS OF THE INSTITUTE 


Section 1. Stated Meetings of The Insti- 
tute shall be held on the third Wednesday 
of each month, except June, July, August and 
September, at such hour and place as shall 
be decided by the Board of Managers. 

Section 2. The Annual Meeting of The 
Institute shall be held on the third Wednes- 
day of January each year, at such hour and 
place as the Board of Managers may decide. 

Section 3. A special meeting shall be 
called by the President upon the order of 
the Board of Managers within ten days 
thereof or upon the written application of 
twenty-four voting members of The Insti- 
tute. In case of his absence, refusal, or in- 
ability to act, such special meeting shall be 
called by an officer designated by the Board 
of Managers. 

Section 4. Except as otherwise provided 
in these By-Laws, twenty-four members shall 
constitute a quorum at all meetings of The 
Institute. 


ARTICLE XII 
AMENDMENTS 


Section 1. These By-Laws may be altered 
or amended at any Stated Meeting of the 
members of The Institute by majority vote 
of the voting members present, provided 
notice in writing of the proposed alteration 
or amendment signed by at least two voting 
members shall have been given to the Board 
of Managers at least two months prior to the 
said meeting, and shall have been communi- 
cated by the. Board to the membership at 
least one month prior to the said meeting. 
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